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TO THE 


Right Honourable the 


Lord Vifcount Lon/dale, 
botd:.? ri vx-SBAL,. Ge. 


My Lor D, 

A S your Lordfhip was pleafed to ho- 

nour thefe Lectures with your No- 
_ tice in Manufcript, I take the Liberty of 
laying them before you in Print ; being 
defirous the Publick fhould know, that 
their Defign was approved of by fo un- 
exceptionable a Judge. : 3 


a ips For, 


iv DED LC AT, LON. 


For, befides your uncommon Skill in 
' Civil Policy, the Laws, and all the 
Branches of Publick Bufinefs; you have, 
like the luftrious Lord Bacon, a Talent 
for the Improvement of Arts, and a 
BRIAaG ine: and Sagacity, in purfuing na- 


tural Enquiries. 
Were I not, therefore, fenfible, my 


‘Lord, that your Candour is as extenfive 
as your Learning, I fhould be cautious 
of thus fubmitting thefe flender Enqui- 
ries to your View; as they are neither ° 
conducted in a Manner fuitable to your 
correct and exquifite Tafte; nor purfued 
to fuch a Length, as your great Know- 
ledge in Philofophical Matters may juftly 
require. 


But this gives me farther Encourage- 
ment, that I do not know a more ufe- 


ful 


DEDLC ATION 
ful Subject, than the prefent, to a Tra-_ 
ding Nation; nor a Perfon better quali- 

fied than your Lordfhip, to perceive its 


Tendency, and dire& its Improvement. 


I am 
MY LOR D,:. 


Your LorDsHIPe’s 


Moft obliged, and devoted humble 
Scarborough, 


PETER SHAW. 


ADVERTISEMENT. 


HE following Leétures had the 

Honour to be read before a noble 
Audience, who candidly overlooked their 
Failings, and requefted their Publ- 
cation. 

As the Defign is of large Extent, 
little more than a Sample of the whole 
could at prefent be given; the far- 
ther Improvement of it being left to 
others. 

The Experiments here employed, tho’ 
many of them new, are generally fimple; 
or performable with little Coft, and Ap- 
paratus: But if a few particular In- 
frruments, and Trials, hereafter inti- 
mated, were to be made, and properly 
ufed, much greater Difcoveries might be 
reasonably expected. 
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GLOSSARY: 


Explanation of the TECHNICAL 
‘Terms in this Work. 


Cid. By Acids are meant all thofe Things 
that tafte four; as Vinegar, Tartar, Juice 
of Crabs, Lemons, &c. Spirit of Nitre, Spirit 
of Salt, 8c. and which, when mixed with a due 
Proportion of an Alkali, conf{titute a neutral 
Body, wherein neither cid nor Alkali pre- 
vails ; whence it alters not the Colour of Sy- 
rup of Violets. See Alkali and Neutrals, 
Adits, See Burrows. 
Alcobol. 1s pure and perfect Spirit of Wine, with- 
out the leaft Particle of Water, or Phlegm. 
Alkali. 1s a Word of extenfive Signification, and 
chemically denotes a large Tribe of Bodies. 
For all Bodies may be chemically confidered 
under three Tribes ; or as being either A/kalies, 
Acids, or Neutrals. SAlkalies have this effential 
Property, that when mixed, or united, with 
Acids, they conftitute Neutrals. But a more 
common Mark of an Alkali is, that it turns 
Syrup of Violets green, as an Acid turns it red ; 
whilft the Admixture of a Neutral Body does 
ag: not 
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not alter the Colour of thatSyrup. Thus Pot- 
Ath, Salt of Tartar, and all fixed vegetable 
‘Salts ; as likewife all volatile animal Salts and 

Spirits, are artificial A/kales; as Chalk, the 
teftaceous Bodies, &%c. are natural Akalies. 
And thus, in the vegetable Kingdom, Onions, 
Leeks, Garlick, Muftard, €%c. are Alkaline ; 
as Sorrel, Wood-Sorrel, the Juice of Lemons, 
Oranges, Verjuice, &c. are Acid. ‘Their Dif- 
ference alfo is manifeft from the Tafte, when 
the Habit of thus diftinguifhing them is ac- 
quired. See Acids and Neutrals. 

Amelgamation. \s the Diffolution, or Mixture of 
any Metal with Quickfilver: But Iron, of all 
the Metals, will not amalgamate, or unite 
therewith. 

Afjaying. Is the Art of difcovering how much 
pure Metal is contained in any Ore, or Coin, 
affigned. Hence to make an Effay, is to pro- 
duce a Lump, or Grain, of pure Metal, from 
any {mall Quantity, of Ore, or Coin. 

Axioms. By Axioms are meant a Kind of Corol- 
laries, Confequences, or Refults, of certain Ex- 
periments, Facts, Obfervations, or particular 
Doétrines ; fo as to recapitulate a certain ufe- 
ful Truth, contained inthe preceding Partof the 
Work, and fet it in a clearer Light, with re- 
gard to Theory, or Speculation; As Canons, 
or Rules, regard Experience or Practice. See 
Canons, 

Balneum Marie. Or Water-Heat, is no more than 
a Veffel of Water, fetin a Furnace, or over 
the Fire, with another Veffel put into the Wa- 
ter; which latter Veffel contains the Matter, 
or Subject, of the Operation. 

Buddling Difbes. Are fhallow Difhes, like the 
Bafons of a Pair of Scales, for the wafhing of 
Ores by the Hand, 

Burrows. 
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Burrows. In Mining, are the Paffages leading 
into a Mine, and cut thro’ the Sides of a Hill, 

_ or Mountain, fo large that the Workmen may 
conveniently wheel out the Ore in Barrows, or 
carry it along in Bafkets. 

Calcination. \s the burning of a Body in an open 
Fire, in order to difcharge its more volatile 
Parts, or reduce it to Powder. 

Canons. Are Rules of Practice, or Direétions, 
for producing Effects, or performing Ope- 
rations ; and have the fame Regard to Pradtice, 
as Axioms have to Theory. See Axioms. 

Caput Mortuum. Is that Part of the Matter, 
which remains behind after Diftillation, or 
Sublimation. 

Cementation. Is the clofe burning of a hard or 
metalline Body, with certain opening Powders, 
ftrew’d betwixt its groffer Parts; fo as to foften, 
tinge, or impregnate them, with the Fumes 
of fuch Powders; or it is the Introduction 
of any Mineral, or Metallic Fumes into the 
folid Plates of a Metal, by Means of a proper 
Heat, applied to a clofe Veffel, or double 
Crucible, wherein the Plates are laid, with the 
pulverized Matter ftrew’d between them. 

Clarification. See Depuration. aah 

Concentrating. \s bringing the required Parts 


of a Subject clofer together; as Salt-Water 


is concentrated by evaporating the aqueous 
Fiumidity ; and Wine by freezing out, or fe- 

parating its Water, in the Form ot Ice. 
Copelling, or Cupelling. Is putting metallic Mat- 
ters upon a cover’d Veflel of Bone-Athes in a 
naked Fire, to try what Gold or Silver they 

will afford. 

Cryftallization, 1s the Operation, whereby Salts 
difiolved in Water fhoot into Glebes, of par- 
ticular 


Sod 
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ticular Figures, according to the Nature of. 
each Salt. | 

Decantation. \s the pouring off a clearer Liquor 
from a groffer Sediment, after ftanding. 

Deflagration. Is fetting explofive Matters on Fire 

‘qn a Crucible, or other Veffel, and fuffering 

“them to burn out; as when Nitre, or Tartar, 
are thrown into a red-hot Crucible, or to any 
melted Matter, whilft it continues in the Fire. 

Depuration. Is the making of any Matter pure, 
or freeing it from the Drofs, Dirt, or other 
heterogeneous Parts, wherewith it may happen 
to be mixed: So Honey is depurated, or cla- 
rified, by heating it, and taking off the Scum 
that rifes to the Top. 

Digeftion. Is fuffering folid and liquid, or groffer 
and finer Matters, to ftand together in a gentle 
Heat for fome Time, that the Liquor may ex- 
tract the Virtues of the folid Ingredients; or 
the whole become more fubtile and uniform. 

Diftillation. 1s the raifing of Liquids into Vapour 
by Heat; and condenfing that Vapour into a 
Liquid again. 

Eleofaccharum. \s an intimate Mixture of any 
effential Oil, with Sugar; by grinding them 
together in a Mortar. 

Elements. See Principles. 

Elixation. 1s the wafhing a Matter with Water, 
in order to get out what will diffolve therein. 
Empyreuma. Ys a naufeous Tafte, or Odour, 
proceeding from the Subject being fcorched, 
or over-heated, in the Operation; as when 

Milk is burnt to, as they call it. 

Effential, or Chemical Oils. Are the native Oils 
of Vegetables, drawn from them by Dittil- 
lation with Water. 


Evaporation. 
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Evaporation. Is the fetting a Liquor in a gentle 
Heat, to difcharge its {uperfluous Humidity, 
or obtain its dry Remainder. 

Faints. Are the Liquor that runs from the Still, 
upon diftilling any infammable Spirit, after 
all the Proof-Spirit is come over. See Proof. 

Filtration. Is fuffering any Liquor to pafs thro’ 
Cap-Paper, or rather a peculiar Kind of filtring 
Paper, into a clean Veflel, or Glafs; the Paper 
being cut conically for the Purpofe, and put 
into a Glafs Funnel, or laid upon a Stone Co- 
lander, or Strainer. : 

Form. Xs the particular Act, or Law of Nature, 

whereby a Thing is produced. 

eran, © 1s? any Matter added to an Ore, or me- 
tallic Matter, in order to make it melt, or run 
the eafier, and yield a greater Quantity, or a 
purer Metal. 

Fulmination. As the fame as Deflagration, which 
fee. 

Fufing. Is the fame as Nesting: being a Term 
generally applied to the melting of Metals, and 
metallic Matters, with a ftrong Heat. 

Infolation. \s fuffering Matters to ftand and di- 
geft in the Heat of the Sun, inftead of ufing 
the Heat of a Furnace. 

Lac, or Laque. Is a Kind of Extract, or thick 

- Body of Colour, prepared chiefly from vege- 
table Subjects, for Painters Ufe. Of thefe 
Laques there are feveral Sorts ; but in a more 
particular Senfe, it fignifies the Red Laque ob- 
tained by boiling Stzck-Lac in Water. 

Lavaderos. In Mining, are the Spain or large 
Troughs, where the Ore is wafhed. 

‘Limation. Ys the fil ing of a Metal, or - metallic 
Subftance,. fo as to reduce it into {mall Parts, 
calied the Filings of that Metal. 


Lixivium. 
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Lixivium. 1s the fame Thing as Lee, or a So- 
lution of Salts, by boiling any faline Matter in 
Water. 

Load. In Mining, is the fame as Ore. 

Lotion. Is the wafhing of a Body in Water, to 
get out its Salt, or whatever elfe will diffolve 
in Water. 


| Low-Wines. Are a weak Spirit, or the firft 


Runnings of the Still, in diftilling Brandies or 
Spirits, from Wath or Wines, and mixed along 
with the fecond Running, or more watry Part. 

Menjfiruum. (1s any Body applied to ancther, fo 
as to diffolve it, and intimately mix its Parts 
with the Parts of the other : in which Refpect 
the former may be called the Solvent, and the 
latter the Solvend. 

Mercury. 1s another Name for Quickflver. 

Metallurgy. Includes the whole Art of working 
Metals from the Ore to faleable Metal. 

Muffie. As an arched earthen Inftrument made 
to cover a Teft, in Cupelling, fo as that the 
Coals, or Afhes of the Fire, may not fall in 
upon the Subject. See Cupelling. 

Mut. Is the unfermented Juice of the Grape ; 
or any other liquid fermentable Subftance, be- 
fore it enters the Act of Fermentation. See 
Stum. 

Neutrals, or Neutral Bodies. Are fuch Bodies as 
manifeft no Signs of either kal, or Acid, 
upon any of the Trials known, and allowed 
to difcover them; as particularly not by the 
Tafte, or the Admixture of Syrup of Violets, , 
€Fc. See Acid and Alkali. . 

Per Deliquium. Is the running of diffolvable 
Things into Liquor, by barely expofing them 
to the open Air, or to the moift Air of a Cellar. 


Phlegm. Isthe fame as Water, or aqueous Li- 
quor. 


Pre- 
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Precipitation. Is the depofiting of a Sediment; 


either by a Liquor ftanding at Reft, or when 


any Addition is ufed for the Purpofe. 

Principles. Are the different fimple Matters, 
whereof a Body is compofed. 

Proof. In Spirits is meant of acertain Trial, or 
Way of examining their Strength, by the Bub- 
bles that arife on their Surface upon fhaking 
them in a Phial. 


Quartation. Is the Separating of Gold from Sil- 


ver, by Means of Aqua-Fortis or Aqua- Regia. 
Quinteffence Is the Mixture of an effential Oil 
with Alcohol. 


Reétification. As purifying a Subject, by repeat- | 


ing the Operations ; as Brandy is purified, or 
feparated, from its Phlegm, by repeated Di- 
{tillation. | 

Reduction. Is the reducing, or recovering a Metal 
from its Ca/x, or 4fbes; and may likewife be 
applied, when any Body deftroyed, as to its 
natural Form, or Appearance, is made to af- 
fume that Form again. 


Refrigeratory. \s a Veffel of cold Water, thro’. 


which a winding metalline Pipe takes its 
Courfe, from the Hot Still, fo as to bring off 
the Liquor cool, by Diftillation. 

Regulus. Is an impure, or imperfect metallic 
Subftance, that falls to the Bottom of the Cru- 
cible in the melting of Ores, or impure metal- 
lic Subftances. 

Scoria. See Sia | 

Separating-Gla/s. Is a bellied Glafs, open at top, 
and ending in a hollow Stem below; fo that a 
Mixture of Oil and Water being put therein, 
and fuffered to reft till they feparate, the 
Water may be poured off from the Oil. 


7 


.- | Slag. 


Xiil 


XIV 


AEE Ve. OSS AR. Y. 


Slag. Is the Drofs, Cruft, or Scoria, found at 
the Top of a melted Metal, or metallic Mat- 
ter; being often in the Form of a vitrified 
Mals, or Glaffy Subftance, and proceeding 
from the Flux employed, and united with fome 
{tony recrementitious Matter contained in the 
Ore. But when a large Proportion of a faline 
Flux is ufed, the Slag will relent, or even dif- 
folve in the Aur. 

Selvent. See Menftruum. 

Sium. 1s Mut, clarified by ftanding and racking, 

then put up into matched Cafks, that is, Cafks » 
impregnated with the Fume of burning Brim- 
ftone, fo as to be preferved found in an unfer- 
mented State. See Mutt. 

Sublimation. \s the raifing of a dry Body by Heat 
into Flowers, or a folid Cake, at the Top of 
the containing Veffel ; being a Kind of Diftil- 
lation fuited to dry Bodies. 

Subfidence. 1s the fuffering a Liquor to fettle, 
and fine itfelf, by ftanding. 


Sulphur. Is another Name for Brimftone ; but 
in 2 more Technical Senfe, denotes the fat, un- 
uous, or oily Principle in Bodies ; or that 
Part of them, which is truly inflammable. 


Thermometer. Xs an Inftrument contrived to mea- 


fure the Degrees of Heat. Thofe made with 
Spirit of Wine, ferve for the lefier Degrees, 
and thofe with Oil, or Quickfilver, for the 


greater. 


_friture. Is the grinding, or rubbing any folid 


Body to Powder ina Mortar, or upon a grind- 
ing, or levigating Stone. 

Torrefaction. \s the roafting, or fcorching, of a 
Body by the Fire, in order to difcharge a Part 
either unneceffary or hurtful, in another Ope- 

a ration, 
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ration; as Sulphur is difcharged from an Ore, 
before the Metal can be obtained to advantage. 
Turnfol. Is ared Colour prepared from the Juice 
of the Sun-Flower, and fermented Urine : 
which Colour being, in a fluid State, drank up 
_ by Linen-Rags, and dried, is the Thing fold 
by the Dry-Salters to the Dyers and the Wine- 
Coopers, for dying Cloths, and tinging Wines 
red. 
Vitrification. Is the turning of a Body to Glafs 
in the Fire. | 


Wao. 1s the fame Thing as fermented Wort, 3 


or any fermented Liquor, fitted to afford an 
- inflammable Spirit, or Brandy, by Diftillation. 
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HE OLA RP 1. 
CONTAINING | 


— T. An Account of the Office and Objects of 
Chemiftry. | 
» II. The Chemical Treatment of Bodies. 
HI, Rules for making new Difcoveries in 
' the Art. | 


‘HIE Defign of thefe Lectures is to q;, p,. 
enlarge the Bounds of Chemiltry, fen. - 
by applying it to the Advancement | 
of Natural Philofophy, the Illuftra- 
tion and Improvement of the known Arts, and 
the Difcovery of new ones. 
2. In profecuting this Defign we would {peak Th. Mon- 
to the Eye, rather than the Ear; or indeed to the ner of 
- Underftanding, rather than the Senfes ; and by Execution, 
means of appofite Experiments, {cientifically ex- 
plained, lead to the Difcovery of Phy/cal Axioms, 
and Rules of Praéfice for producing ufeful Ef. 
fects, in the way of a Philofophical Chemuiry. 
3. Philofopbical Chemifiry we define, a rational Prilfe- 
Art of (1) dividing or refolving all the Bodies phical 
within our Power (2) by means of all the Inftry.. C2emi/ry 
ments we can procure; (3.) as well into integrant iil 
as conftituent Parts; and (4.) joining thefe Parts 
together again 3 (5.) foasto difcover the Principles, 
Relations, and Changes of Bodies; (6.) make va. 
“rious Refolutions, Mixtures, and Com pofitions ; 
(7.) find out the phyfical Caufes of phyfical Ef. 
fects ; and (8.) hence improve the State of natural 
Knowledge, and the Arts thereon depending. 
B 4. Te 
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LECTURE THE FIRST. 


4. To explain this Definition, in a concife 
general manner, is the Bufinefs of our firft Lec- 
ture; and to illuftrate ic fully, will be the Bu- 
finefs of all the reft. 

5. Our Definition confifts of eight Parts; the 
firft whereof regards the Odjeé?s of Chemijiry. 

(1.) Thefe Odjeés are all the Bodies within our 
Power. We fhould therefore, if it were practi- 
cable, take a particular View of the Contents of 
the terraqueous Globe. To abridge the Labour, 
we fhall fingle out the more capital and ufeful 
Sorts ; and range them in fome Order, by way of 
Specimen, or Sample, of that grand Repofitory 
of infinite Materials *. 

The Productions of the Earth are divided into, 

I. Minerals. M1. Vegetables, and WI. Animals. 

I. Minerals are fubdivided into (1.) Metals 
and their Ores, (2.) Salts, (3.) Sulphurs, (4 ) 
Stones, (5.) Earths, and (6.) Semi-metals. 

Crass I. The MetTats are. 

Gold, 
Quickfilver, 
Lead, Ranged according to their {pe- 
Silver, cific Gravities, and compared 
Copper, with their Ores refpectively. 
Ivon, 
Tin. 
Il. Satts. Alum, 
_ Artificial Salt, 
‘Bay Salt, 
Borax, 
Nitre, 
Rock Salt, or Sal-Gem, 
Sal Ammoniac. 


* In the Courfe, a Set of Specimens was exhibited, in 
conformity with the following Lift. 


III, Sut- 
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III. Sutpuurs, Amber, ° . 
Arfenic, white, yellow, and red, 


Aurtpiementum, 
Bitumen, 
Brimftone, Common, 
Native, 
Coal, | 
Jags 
Petreol, 


IV. TRANSPARENT STONES, 
From. the Dia- 4 Ranged according to their 
mond to f Hardnefs, which is their Cri- 
Cryftal. terion, as Gravity is of Metals, 
V. Opake Stones. Alabafter, 
Amiantbus, 
Emery, 
flint, 
flematites, 
Loadfione, 
Marble, and Porphyry, 
Lapis Calaminaris, 
Tale, 
Tripoli, &e. 
Vi, Eartaus. Bole, 
| ' Chalk, 
Marl, 
re 
Ocre, 
Ruddle, 
Lerra Leumia, &c. 
VIL. Semr-meTats, 
The Vitriolic are, | 
Vitriol, green and blue, viz. of Tron and Coppers 
_ Woite Vitriol, with other foreign kinds, 
Vill. The Sulphureous‘Sem1-METALS are, 
Antimony, planer see Bic 
Bifmuth, — : 
B 2 Cin- 


' 
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Cinnabar, native, 
Mundick, 

Pyrites, 

Zinck, &c. 


Il. VecEeTABLeEs are divided into 
Herbs, Berries, Flowers, Fruits, Grains, Seeds, 
Roots, Barks, Woods, fuices, and Excrefcences. 


Clafs}. TeErss. Angelica, Baulm, Hyffop, Ro- 
Jemary, Lavender, Sage, Tan- 
| fy, Thyme, Wormwood, &c. 
Il Berries. Bay Berrtes, Coffee, Kermes, Fu- 
niper, &c. 
III]. FLowERs. fa/min, Saffron, Lillies, Mart- 
golds, Rofes, Elder-Flowers, 
Violets, Flowers of Broom, 
Holly-Oak, &c. | 
IV. Fruits. Cocoa-Nuts, Nuimeg, famaica- 
Pepper, Long-Pepper, Tama- 
rinds, Caffia Fiftularis, Pome- 
granate, &c. 


vV.Grains. Rice, Indian Wheat, Sago, Millet,&c. 
VI. Seeps. Beech-maft, Cardamom, Gran, Paradi/. 
 Muftard-Seed, Sun-flower Seed, &c. 
VII. Roots. Alkanet, Galangal, Gentian, Liquo- 
rice, Madder, Orris, Turmerick, &c. 
VIL. Barks. Caffia, Cinnamon, Clove-Bark, Cor- 
tex Peruv. Mace, Oak-Bark, Winter’s 
Bark, &c. 
IX. Woops. Cedar, Guatacum, Logwood, Rho- 
dium, Saunders, &c. 
X. Jurces are fubdivided into natural, and ar- 
tificial ; or into Tears, and in/piffated 
Fuices. 
Tears, or natural Juices, of the Sycamore, the 
Birch, &e. Lo 
In- 
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Infpiffated ‘fuices are divided into (1.) Gums, (2.) 
Balfams, (3.) Rofins, and (4.) Sugars. 
(1.) Gums. Aloes, Gum Arabic, Afla Fetida, Am- 
moniacum, Benjamin, Bdellium, 
Galbanum, Gamboge, Maftich, 
Myrrh, Gum Elemi, Opopanax, 
Gum Sandarac, Gum Lac, Gum 
Tragacanib, &c. ou 
XI. (2.) Batsams. Balfam Capiri, Opobaifamum, 
Balfam of Peru, Tolu, €Pe. 

The Turpentines, Wan, &c. 
XII. (3.)Rosins. Campbire, Frankincenfe, Rofin of 
Guatacum, Rofin of Falap, Scam- 
mony, Burgundy Pitch, Common 

Rofin, Sang. Draconis, €8c. 
XML. (4.) Sucars. Honey, Manna, Sugar, &c. 
XIV. Excrescences. ‘Yews Ears, Agarick, 
Mifletoe, the Moffes, Galls, &c. 


ITI. AniMats. 
Clafs 1. Entire Animars. Ants, Bees, Cantha- 
rides, Cochineal, Millepedes, Vipers, &c. 
If. Tueir sonip Parts Bone, Hart’s-born, 
Ivory, Cuttle Bone, Elk’s Hoof, 
Human Skull, Caftor, &c. 
Ill. ConcretTep Anima. Juices. 
Goal’s Blood and human Blood dryed, Lard, 
Marrow, Sperma Ceti, &c. 
IV. Excrements. Album Grecum, Civet, Musk, 
: Pigeon’s Dung, Silk, &c. 


6. Bodies have been ufually confidered under Bodies 
three general Claffes, called by the Names of the 40 “ de 
Vegetable, Animal, and Minéral Kingdoms. This7#4 
Divifion is, perhaps, too fcanty; as excluding 
many Particulars of the marine and atmof pherical 
Regions. For in the Sea are found Coral, Shells, 
Spunge, Bitumen, Ambergreafe, Mixtures, of 

a3 Salt, 


The gene- 
ral Struc- 
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Salt, Slime, Freculencies, and the-corrupted Parts 
of Fifh, fc, which may poffibly be irreducible 
to any. of the three Kingdoms. And the At- 
mofphere abounds with Air, Light, Water, Me- 
teors, Exhalations and Efflavia of the Earth, dif- 


ferently combined; fo as not to appear diftinétly 


either of a Vegetable, Animal, or Mineral Na- 
ture. 

3. The Odjedis of Chemifiry, therefore, are 
taken from the three larger Maffes, or Regi- 
ons, of the Globe; viz. the Earth, ght and 
Atmofphere 
_ 8. Qur. Knowledge of the Barth reaches but 
a. little below its Surface. So far as Men have 


ture of the dug, it appears a Compages of numerous folid 


Earth. 


Earth in 


particular. 


Subftances, ranged in a diforderly manner ; 
which may,.be phyfically neceffary, to afford 
different. Partitions, or Beds, of Soil, Gravel, 
Clay, Stone, Coal, Marcafites, Ores, Gems, &e, 
each ferving as a Matrix to the other, . 

‘By. “Earth is commonly meant the, Soil, 
Mould, or Coat, wherein Vegetables grow. This 
Coat, which is but of little ‘Depth, ts the direct 
and immediate Seat of Vegetation. And with 
this Earth we chufe to begin our Experiments ; 
propels (ts) 2 general Analyfis. of Garden 
Mould; (2). The Preparation of a general kind 
of Flux, for the affaying of Ores. (3.) The 
general Method of affaying Ores. for their Metal. 
(4.) A. general Analyfis of common Water. (5.) 
A general Analyfis of the Air, (6.) A general 
Kixample of the Method of reducing Bodies to 


‘their integrant Parts. (7.) A. general, Kxample 


of refolving Bodies into their conftituent Parts ; 
and (8.) An Example of Reduction, or the Me- 
thod of recompofing, or recovering, Bodies after 
Solution. 

I. 
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IT. 
ExperimMenvr I, 
The Analyfis of Garden Mould, begun. - 


10. We took two Pounds of frefh, black and Zarté 
rich Garden Mould, and ftirred it well in two ?74a/e4. 
Quarts of fair Water, gently warmed, then letting 
the groffer Part fettle to the Bottom, we filtred 
the Liquor thro’? Cap-Paper; and found that it 
- paffed confiderably muddy, or impregnated with 
- the finer Parts of the Earth; which it would not © 
eafily depofite upon many Days ftanding in a 
quiet Place *. 

11. The Defign of the Experiment is to ob- 
tain a proper Liquor for difcovering the Mat- 
ter which the Earth affords to Plants in Vege- 
tation, or the natural Juices, and natural Salts, 
of Garden Mould; becaufe nothing feems capa- 
ble of rifing in Vegetation, but what is foluble 
in moderately warm Water, and will pafs the 
Pores of Paper, fomewhat in the fame manner 
as it does the natural abforbing Veffels, or Scrai- 
ners of a Plant. Whence the filtred Liquor of 
our Experiment may be examined by chemical 
Treatment; as by Evaporation, or the way of 
trying Mineral Waters, &c. as we fhall fee here- 
after in our fourth Lecture. 


12. Ores are the next ufeful Species of Earth; 
the general Treatment whereof, for obtaining 
their Metal, depends upon the Ufe of the Black 
Flux, 


* See this Experiment carried a greater length in Led. 
IV. Exp. Ie and IL. 
B 4 Eix- 
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EXPERIMENT II. 


The Method of making the Black Flux, for the af- 
- faying of Ores, . 


The Black 13, We took one Part Nitre, and two Parts 


Flax. 


Ores ana- 


lyfed. 


common Tartar; and reducing each to Powder, 
we mixed them together, and deflagrated the 
whole in a Crucible, by lighting the Mixture 
a-top; which thus turns to a kind of Alkaline 
Coal, that is to be pulverized, and kept in a 
clofe Glafs, to prevent its diffolving, as it would 
do in a moift Air. 

14. This Flux is of general Ule ; “and to 
have it ready at hand, fhortens the Bufinefs of 
making Affays in Metallurgy; and renders the 
Operation more exact, than when crude.Tar- 
tar and Nitre are employed; becaufe the De- 
flagration might thus carry off fome Part of the 
Ore, and defraud the Account. For the fame 
Reafon, the Mixture is here directed to be fired 
a-top; otherwife a confiderable Part might be 
Joft in the Deflagration; which would prove 
much more tumultuous and violent if the Matter 
was thrown into a red-hot Crucible. 


EXPERIMENT III. 
The general Method of analyfing Ores. 


15. We took two Ounces of Copper Ore re- 
duced to Powder, and mixed it, in a Mortar, 
with twice its Weight of the black» Flux ; 
then, in a Wind Furnace, fufed it brifkly, that 
it might run thin, for about four Minutes: when, 
fuffering the Crucible to cool, we broke it, beat 
off the Slag, and weighed the Metal. 

16. This Experiment fhews the» Method of 
treating any unknown Ore, to difcover, in the 

| way 
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way of Affay, or Proof, the Kind and Proportion 
of Metal it contains. . 

17. The Caufe of the Effect depends upon a Tie Ratio- 
Separation of the terreftrial, fulphureous, or other 72/ of the 
heterogeneous Parts of the Ore, which are here 47? 
either vitrified, or otherwife detained by the Flux; 
whofe Property it is to vitrify Earth in the Fire, 
and ftrongly join with Sulphur; at the fame 
time that it does not alter the Metal, but leaves 
it to its own nature; whence, by its fuperior Gra- 
vity, it finks pure to the bottom of the Crucible; 
as being now made fluid, and fet free from the 
heterogeneous Parts before mixed inamong ita), 


18. Water is generally divided into falt and water di- 
frefh, with regard to the Ocean and Rivers, vided. 
But ic feems divifible into as many different Spe- 
cies, as the Earth is into Beds. Thus there are 
Mineral Waters of various kinds, according to 
the Mineral Subftances they run over, and become 
impregnated with: tho’ this Impregnation fome- 
times happens in the way of Vapour, or Exha- 
Jation. Water, therefore, in the general, may be 
as mixed a Body, as Earth in the general; and 
perhaps neither of them naturally exifts in any 
confiderable Degree of Purity 2), 


EXPERIMENT IY. 


A general Analyfis of common Water. 


19. (1.) We found that common warm Water Water 
throws up numerous Bubbles, and explodes, in azahyjed. 
the ‘exhaufted Receiver of the Air-Pump ; and 
therefore contains what may, by way of diftinc- 
tion, be called A&ther or Spirit, 


a) See the Leé. on Metallurgy. 
b) See Lid. V. D 


(2) It 


10 


The At- 
ancfpbere 


divided. 


Th ‘9 Ay 2 ) 


analfed. 
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_ (2.) It contains a merely aqueous part, diftingt 
from Aéther, and from the Sediment; as appears 
in diftilling common Water. 

(3.) It contains a dry folid Matter, which is 
either earthy or faline, as appears upon a full 
Evaporation; and alfo from the Infides of Tea- 
Kettles, which, after long Ujle, are lined with a 
{tony Matter, that beats off in Flakes or Crufts. 

20,. Vhat Water is accounted beft and whole- 
fomeft, which is lighteft, moft fpirituous, and 
freeft from earthy Sediment ; and thefe Properties 
are ufually found. in pure Rain Water: this being 
naturally diftilled, or raifed by the Sun’s Heat, 
from the Ocean and Rivers, into the Atmofphere, 
and. from thence returned again, much after the 
manner of common Diftillation a). 


21. Tue Atmofpbere is a kind of dry Fluid, 
no lefs effential to the Earth than the moift one, 
It feems as heterogencous as the Earth or Water, 
tho’ more rarified, It is diffimilar in its Parts, 
like the Body of the Earth; and has fomething 
analogous to Beds, or particular Portions abound- 
ing with different kinds of Effluvia, according to 
the Differences of the Countries and Places over 
which it extends. . Thus over Mount ima, or | 
other Vulcanos, it muft neceiYarily be impregnated, 
after the manner of certain Mineral Waters, with 
the Fumes of burning Minerals ; over the Ifland 
Ceylon, with Aromatic Effevia; over London 
with the Smoke of Sea-Coal 4), €¥c. 


ExPERIMENT. V, 
A general Analyfis of the Air begun. 
22. A proper Analyfis of the Air, or any inte- 


grant part of the Atmofphere, has hitherto fearce 
been attempted. 


apy See Let. Ve> 5 > by See Le&, ITE. 
: (1.) That 


Of Philofophical. Chemiftry. 


(1.) That it is an elaftic Fluid appears by. its 


diftending Bladders, and: breaking Glaffes, in the 
exhaufted Receiver of the Air-Pump. (2.) That 
it is eflential to Life, appears by Animals dying 


without it. (3.) That it may receive invifible In-- 


fluences or Alterations, as well as vifible Efluvia, 
appears from its becoming poifoneus by paffing 


thro?’ Hire ; and by its cantaining grofsSmoak, and 


the fine "Particles of fermenting or putrefying. 
Bodies: And (4.) that; it is naturally a Com- 


pound, appears by the Water it depofites in dry 


Sale of Tartar ; and by its changing ane Colours 


of various Bodies, &e. 

23. We fhall hereafter attempt a more particu- 
lar Analyfis of the 4imo/pbere, in order toa Choice 
of the beft Places -for Health, Habitation, and 
the Exercife of particular Arts; on account of 


certain Properties in certain Places, arifing from. 
the different Mixtures, or Compofitions, “of the 


Air ip different Parts a). 


EL 


24. Tue Inftruments of Chemiftry are all thofe Te Jn- 
we Can any way procure 0). There are feveral Aranrnts 


Inftruments continually at work, for the im- 
mediate. Production of Effects, 4d; thé. three 
larger Mafles, or Kingdoms, of the Globe, viz. 
the Earth, Water, and Atmofphere., We evidently 
find, that Metals and Minerals are formed within 
the Earth; Vegetables on its Surface, fhooting 
into the Ait’; ; Meteors in the Atmofphere ; and 
Men, meat and Birds in the Confines of the 
two: The Phyfical Caufes of all which are to be 
diligently fought out, as fo many Rules of Prattice. 
25: ‘Fhe principal phyfical Agents in Nature 
appear to. be, (1.) Heat. (2:) Cold. (3,) Air, or 
the integrant Parts of the Atmofphere. (4.) Wa- 
ter. And (5.) proper Beds, or Matrices. This is 


a) See Led. Ul. b) See above §. 3. — 
| Matter 


mifiry. 


The phy/fi- 


T2 


The Sun. 


* 
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Matter of direct Obfervation; and might occa- 
fion the eftablifhing of the four common Elements, 
Fire, Air, Water and Earth. 

26. (1.) The Sun is the principal Source of 
Heat upon the Earth’s Surface, and the Con- 
fines of the Earth and Atmofphere. Without this, 
all the Bodies upon our Globe would doubtlefs grow 
rigid, lifelefs, and fixed. ’Tis this that ftirs within 
them, as the main Spring of their Actions. 
Hence Vegetation, and Animalization, are evi- 
dently promoted; and hence the Ocean and the 
Atmofphere continue in a fluid State a). 

27. (2) Cold is correlative to Heat; and tho’ 
perhaps no more than a lefs Degree, or Abfence, 
thereof, yet has, in the natural Siate of things, 
an inftrumental Efficacy ; as in the condenfing of 
Solids 2), the coagulating of Fluids ¢c), the fepa- 
rating of Salts d), Spirits e), €&@c. And by means 
of Cold and Heat, ufed alternately, it fhould feem 
that fome capital Operations of Nature are per- 
formed, efpecially in the vegetable Kingdom, by 
the Reciprocation of Day and Night, Summer 
and Winter f). 

28. (3.) Air, or any integrant Part of the At- 
mofphere, is an elaftic Fluid, that expands with 
Heat, and contracts with Cold; fo as apparently 
to generate Motion, and produce Effects. It ani- 
mates Fire, and has a great Influence upon the 
Life of Animals: it alfo mixes in among, and 
unites itfelf with, Bodies ; fo as to conftitute a ma- 


terial Part thereof g). Itis the great Receptacle of 


a) See Le&. II. pafim. 

&) Which are rarified by Heat, but contracted by Cold. 

c) As aqueous Liquors into Ice. 

d) As Salt is feparated in the Freezing of Salt-Water. 

e) As Spirit is feparated in the Freezing of Wine, uri- 
nous Spirits, and diftilled Vinegar. 

SJ) See LeG. II. 

g) See Led. It. 
Efluvia 
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Effuvia from the Earth, the Matrix of Meteors, 
the continual Support of Birds, Beafts, Plants, 
and Men ; and is in fome degree nutrimental a). 

29.(4.)Water is not only contained inthe Earth, prey, 
as in a Refervoir, but likewife floats in the At- 
mofphere. In both Cafes it is actuated, rarified, 
and put in motion by Heat; foas to prove inftru- 
mental in producing Effects. Thus it produces 
Clouds, Rains,’ Dews, Springs, and Rivers. It 
refrefhes the Earth, recruits Vegetables, and is the 
Support of Fifh and other Animals, by convey- 
ing Nutriment to all their Parts, It is alfo the 
firft and_immediate Inftrument of Fermentation, 
-Putrefaction, Corruption, and Change, in all ve- 
setable and animal Subjects 2). 

30. (5.) Proper Beds, or Matrices, allo appear Matrices: 
to have an inftrumental Agency inthe Production 
of natural Bodies, Every Subject of an Operation 
is neceffarily contained in fomething thar may 
(1.) afford ita Lodgment, (2.) make fome Re- 
fiftance, and (3.) convey to it Heat, Cold, Water, 
or Air, or determine their Actions upon it. 
Thus in Vegetation, the Matrix Earth fupports 
the Seed, refifts its Swelling, and conveys a 
ftrained, or prepared, Moifture to it. The Ada- 
trices of Gems and Ores not only afford a proper 
Lodgment to the Subdject-Matter, but alfo refift 
its Growth, by the Preffure of their Sides ; which, 
however, give way a little, and at the fame time 
ftrain and convey fuitable Juices to the Subject. 
And fomething of this kind is obferved of the 
Fetus in Utero, the Hatching of Eggs, &c. info- 
much that Clofenefs, moderate Refiftance, or a 
flow yielding of the Sides of the Matrix, anda _ 
{training of the Juices through them (unlefs fup- 


a) As it adds to the Subftance of Vegetables and Animals. 
See Mr. Hale’s Vegetable Staticks, and hereafter Leé?. II. 
_. 6) See Le#. VIL and XII. ; 
plied 


14. 


Artificial 


Ihftru- 
ments of 
Chemifiry. 


Veffels, 
Furnaces, , 


Utenfils. 


Anew Set. 
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plied from within) feem requifite for the Forma- 
tion and Production of all Vegetable, Animal, 
and Mineral Subftances. Whence we are furnithed 
with a capital Rule for the Improvement of Che- 
miftry, natural Philofophy, and Arts; and taught 
that, in order to imitate Nature, Chemiftry mutt 
not be confined to the fole Ufe of Fire, as its In- 
{trument, but occafionally employ Water, Cold, 
Air, Earth, and proper Matrices; or Vefiels. 

31. But befides thefe natural Inftruments, there 
is a great Variety of artificial ones belonging to 
Chemiftry, which feem to raife the Power of this 
Art, in fome refpects, above the Power of Na- 
ture. Thus, by means of particular Menftruums, 
it performs Operations which Nature of herfelf 
does not: for inftance,. of all the Metals, only 
Iron and Copper are found naturally converted 
into Vitriol; whereas Chemiftry makes Vitriols 
even of Gold, Silver, Tin, and Lead. And hence 
the Productions of Art may be much more nu- 
merous, than the Productions of Nature; indeed 
they may be increafed at pleafure, to the great En- 
richment of Arts, and the Enlargement of the 
Kingdom of Man a). 

32. Another Set of Inftruments belotiging to 
Chemiftry are Veffels, Furnaces, and Utenjfils 5 of 
which there is a great Variety, for different Pur- 
pofes, and capable “of producing numerous Changes 
in Bodies, by Amalgamation, Cementation, Fufion, 
Fermentation, Put refattion, Reduction, €¢. 

g. We add to ‘the above- mentioned a new 
Set, viz. ‘The dir-Pump, the Condenfor, Digeftor, 
‘Microfcopes, Burning-Concaves, Prifins, Lenfes, Por- 
table Furnaces, and every other Inftrument that can 
be invented, or procured, of advantage tothe Art. 
a) Inthis Light may the numerous Produdtions of the 
Chemical Trades bé confider’d fach asthe Effects of Fer- 
mentation, Diftillation, Dying, Soap-making, the Art of 


Glafs, Metallurgy, fc. 
34, THERE 
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34. THERE are two capital Ways wherein Che- 229 pria- 
miltry divides its Subjects, by the feveral Intra. cia! Ande 
ments above-mentioned; viz. into iategrant Parts, 4. oka 
and into conffituent Parts. By integrant Parts we 
underftand fimilar Parts, or Parts of the fame na- 
ture with the Whole; fo Filings of Iron have the 
fame Nature and Properties as Bars of Iron. Un- 
der this general Operation, fall thofe particular 
ones of Triture, Filing, Solution, Amalga- 
mation, Sublimation, €c. And by conftituent 
Parts, we mean diffimilar Parts, or Parts of a 
different Nature from the Whole; as when arti- 
ficial Cinnabar is divided into Quickfilver and Sul- 
phur: and under this general Operation come all 
kinds of Analyfes or Refolutions. : 7 


EXPERIMENT VI, 


A general Example of reducing Bodies into their in- 
| tegrant Parts. 


35. We took an Ounce of Quickfilver in a uichfz- 
fmall Glafs, and poured upon it two Ounces of ver rew- 
Aqua fortis ; then fet the Glafs in a Sand-Heat to page 
warm: red Fumes {con appeared ; and the Mer- He 
cury, or Quickfilver, difappeared. We added a Diwifie 
little more Mercury, tilla {mall Particle was left avo iete. 
undiffolved at the Bottom, that the Solution might ap 
be faturated. Then we decanted the clear a hele 
a Drop of which being viewed in a Microfcope no 
Particles of the Mercury appeared feparate, 

36. Here we find the opake and heavy Body 
of Mercury tranfparently diffolved, and equally 
diffufed in a Fluid, at leaft ten times lighter than 
ittelf; the Mercury till remaining unaltered 
and recoverable in: its priftine Form, barely by 
Collection. or Aggregation, as we. hall. prefently 
fee a): fo that it is thus only divided into homo- 

@) Under Experiment VII. 
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geneous or integrant Particles, and not feparated 
into Particles of different Kinds. 


EXPERIMENT VII. 


A general Example of refolving Bodies into their 


conftituent Parts. 


Brandyre. _ 37- We gently diftilled two Gallons of common 
folved into Brandy by the Balnzum Marie, which refolved it 
its con- into Spirit of Wine and Water. For the Spirit 
al of Wine, being the lighteft Part, comes over firft, 
* and leaves a large Proportion, or about one half, 

of Water or Phlegm in the Still. 

38. And thus Brandy is feparated into the two 
very different, or heterogeneous Parts, whereof it 
confifts. And hence, by the way, all Rums and 
Brandies contain one half Water, no way effential 
to them, that might commodioufly be left behind 
upon their Tranfportation and Carriage. And 
this holds ftill ftronger of Arracks, which ufually 
contain three fourths Water, to one of Spirit a). 

Avgre- 39. Thefe two general Operations of Che- 
gatesand miftry bear relation to two general Structures of 


Mixts, Bodies, viz,. the Aggregate and the Mixt. Ag- | 


“eels gregates in their Refolution conftantly retain their 
Nature in every the fmalleft Part, or Atom; 
but when Mixts are refolved, the Mixture 1s de- 
{troyed, and two or more new Aggregates are 
produced: thus when Brandy is refolved, Spirit of 
Wine or Alcobol, and Water are produced, 

Senfible 40. Every fenfible Mixt, or Aggregate, is 

Bodies compofed of many infenfible ones. Before Gold 

compofed can become fenfible to us, there muft be a Col- 

finfee- \egtion of numerous Parts that are feparately 


“il infenfible; yet all of them perfect Gold. The 


a) See Le. VII. Exp. IV. and Le. XII. Exp. IV. 
minuteft 


| 
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minuteft Grain of Cinnabar has in it two diffe- 
rent Parts, Sulphur and Quickfilver. The mi- 
nuteft Grain of Glafs contains Sand and fixed 
Salt. And fo when Quickfilver is diffolved in 
Aqua Fortis, the leaft affignable Portion of the 
Menftruum contains a Quantity of Mercury 
proportionable to the whole. * © 


41. (4.) Either he integrant or the conftitu- Recompo/ 
ent Parts of Bodies being once divided or re~ #7 i//y 
folved a), various Occafions in Chemiftry re- ”@“” 
quire them to be united again, for compofing 
a Whole like the original Subjet. This Ope- 
ration is the Converfe of the former. Thus 
by fimple Mixture we recompofe Brandy from 
Alcohol! and Water; and by Precipitation with 
a Copper-Plate, collect the Quickfilver difperfed 
in Aqua Fortis. 


Experiment VIII. 


An Example of the Methed of recovering Bodies af- 
: ter Solution. 

42. Dilute part of the above Solution of ne | 
Quickfilver 2) with twice its quantity of fair Wa- covered. 
ter; fufpend a Plate of Copper in the Liquor; 
the Quickfilver will foon fall in its natural 
_ Form to the bottom of the containing Glafs, 
and being then taken out, well wafhed and 
dried, will be abfolutely indiftinguifhable from 
other Quickfilver that has never been diffolved. 

The Effect is owing to this, that gua Fortis 

diffolves Copper more eafily than Quickfilver, 

and fo lets the Quickfilver fall in proportion as it 

_ diffolves the Copper. And this, by the way, is 
a general Example of Precipitation. 


a) See above, §, 3. b) Exp. vi. - 
. C 43s 
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The Prine 43. (5.) To difcover the Principles and the Re- 
ciples, Re- lations of Bodies, and the Changes 2) produced in 
paige yrbem by the Operations of Philofophical Chemit- 
Bedies, try, we mutt ufe all our Senfes, affifted by proper 
how difco- Sets of Experiments, or particular Ways of Ex-. 
verablt. amination; otherwife we fhall learn but little of 
the Powers of Nature and Art. In the Experi- 
ment of Quickfilver diffolved in Agua Fortis, 
we find by a flight Expedient, wz. by putting 
a piece of Copper into the Solution, that the 
Quickfilver, tho’ rendered invifible, is not de- 
ftroyed ; feeing it is thus recovered in its prif- 
tine Form and Properties. 
44. By cafual Experiment, Glauber difco- 
vered his Method of preparing mineral acid 
Spirits by means of Oil of Vitriol: for hav- 
ing once obtained this Oil,-by an Analyfis of 
Vitriol, he applied it to the Mineral Salts, and 
found that it expelled their volatile Acids in 
Fumes; and that thefe being more plentifully raif- 
ed by Eieat, and collected again, made the acid 
Spirits, fo ufeful in Metallurgy, Retining, Dy- 
ing, Sc. ‘Phus one new chemical Production 
may give Rife to many new. Arts. 


The Refo- 45° (6.) The Refolutions and Compofitions 
lutions andmmade by Chemiftry 4) are extremely nume- 
Compof- ous, and may be increafed ad infinitum. We 
tions of exhibited. an Inftance of Refolution in the Ana- 
Chimifr)- lyfis of Brandy: And to this Clafs of Refolu- 
tions are reterable all kinds of Depurations, Pu- 
rifications, Separations, Clarifications, We. 
Bs ie 46. By Compofition we produce all the ar- 
Juftions of Uuicial Vitriols, Soaps, Glaffes, €c. and can 
Compof- Compound thefe again in an almoft infinite Va- 


tion. riety. So that the Refolutions, Compofitions, 
and Recompofitions in Chemiftry, feem to have. 
a) See above, §. 3, 6) bide, 


no 
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no Bounds; whence great room is left for new 
Chemical Difcoveries. : 

47. (7.) Whilft we carefully attend to the The Phy- 
feveral Steps of chemical Operations, we are led fical Caufes 
into fome fort of Knowledge of the Phyfical or of chemi- 
Material Caufes of the Effeéts 2) produced, as 4/2ie4- 
may appear from our Attempts to affion the - 
chemical Cau/es in the foregoing Experiments. 

Hence the more Attention and Diligence we em- 

ploy, the jufter Notions thall we have of thefe 
Caufes, or the nearer Approaches fhall we make to 

the Difcovery ofthem ;'and they being once certain- 

ly found will afford us certain Rules of Praétice, to 

be occafionally employed for producing the fame 

Effects again. For to difcover the Caufe of an 

Effect, is to difcover a Rule for producing that 

Effect. 

48. (8.) The Improvement of natural Know- The dd- 
ledge, of Chemiftry irfelf, and of the Arts thereon Seat 
depending 4), muft be the Confequence of a due ay ag 
Profecution and Improvement of Philofophical . 
Chemifiry ; which for Diftin@tnefs fake, we fhall 
hereafter confider, as it more immediately re- 
lates to (1.) ire, (2.) Air, 62.) Earth, 4.) Wa- oy, gu5. 
ber, (5.) Menjfiruums, (6.) Fermentation and Pu- jes to be 
trefaction, (7.) The Analyfs of Bodies, (8.) The treated in 
dynthefis of Bodies, (g.) Vegetable Curation, (10.) i aca 
Vinous and acetous Fermentation, (11 ) Diftillation, 73 
(12.) the making of Oils, (13.) Salts, (14.) Co- 
fours, Dyes, and Stains, (15.) Pharmacy and Me- 
dicine, (16.) Mineralogy, (i 7-) Metallurgy, (18.) 
Pyrotechny, and (19.) the farther Ujes of Che- 
mifiry: fo as to thew what has already been done 
on thefe Subjeéts, carry the View fomewhat 
further, and recommend a fuller Profecution to 
others. wna 


IR fe Ty's 


#) Seeabove, §. 3. b) Til, 
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LECTURE THE FIRST. 


4g. lt was, faid in our Definition a), tha 
Philofophical Chemiftry is a rational Art, by 
which we mean that it may be conducted by 
Rule, and need not be left to accidental Trial 
and cafual Experiment. The Rule for duly 
conducting the Art we would endeavour to com- 
prize under the following three. 


igh @ 
RuLE I. 


50. When a Body is offered, in order to have 
new Properties difcovered in it, different from thofe 
general ones of Figure, Gravity, Elafticity, &c. 
which come under Mathematical Confideration, let 
the Body be refolved, by degrees, into the fimpleft 
conftituent Parts, which it is capable of being fepa- 
rated into by the Inftruments above defiribed: And 
let Trial be made with each particular part on a 
variety of Bodies, according to fome Analogy of a 
previous Chemical Knowledge, leading jrom one thing 
to another, in a fure or probable Method of Ratio- 
cination. 


Rute II. 


si. Let the feveral Parts, obtained by the pre- 
ceding Analy/is, be reunited, beginning with two, 
and proceeding graduagy to the whole Number; 
ufing at fixft the gent eft, then the intermediate, 
and at laft the higheft Degrees of Heat and Cola. 
Thus, for example, join the fixed Salt and Oi of a 
Plant together, firft by fimple digestion, and after- 
wards by boiling, which affords a third Production 
diffimilar to all the reft, and known by the Name of 


“Soap. So, again, melt the fame fixed Salt with the 


Earth of the Plant; and this will afford Glafs. 
a) See above, §. 3. 
Let 
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Let the iaft Attempt be to reunite all the ferorated- 


Parts of the Body , in order, if pojible, to form 
the original Subjiance again. 


Rue Hl. 


52. In every Operation performed let the greateft 
Diligence and Exatine/s of Obfervation be ufed, with 
regard to all the principal Phancmena and Effetts 
produced , let thefe Phenomena be duly regifter’d, 
tabled, confidered, and compared together, after the 
Sftritieft Geometrical Manner, the Refult whereof, if 
there be no confiderable Errors committed, will lzad 


Joa Knowledge of the fecret Springs, Motions, In- 


firuments, and Means made ufe of by Nature for 
producing Effects. And thus, with proper Care 


and Application, jufi Canons or Rules of Praétice 


may be formed. 
53. The Art of Chemiftry having been but 


little cultivated in this view, all we can at pre- 
fent pretend to, 18 to make fome Offers at 
forming fuch Canons-or Axioms, and confign them 


over to further Experience and Obfervation, to be. 


thereby verified, amended or rejected. But if a 
competent number of jut Axioms and Canons were 
once formed in this manner, others of a ftill higher 
nature might be raifed from them; till at length, 
Practice and Experience would lead us to a true 
Theory ; and that Theory back again to a more 
extenfive and ufeful Practice, 


C4 | Im- 
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IMPERFECT Axioms, or Canons, deduced 
from the preceding Enquiry, for promoting 
farther Difcoveries and Improvemenis in che- 
mical and natural Knowledge. 


54. (1.) We may learn from our prefent En- 
quiry, that a true Chenzfiry (as it may perhaps be 
Jujely called) is exercifed by Nature in the Vegetable, 
Animal, Mineral, Marine, and Atmofpherical Re- 
gions, and that by it all Bodies are produced, ‘con- 
verted, renovated, repaired, and maintained: and 
that in the exa& Difcovery, Imitation, and Controul 
of this natural Chemiltry, confifis the Perfection of 
the artificial 2), 


y That neither the Eye, nor all the Senfes to- 
getber, can give us any Information of the latent 
Properties of Bodies, their Natures and Ufes, with- 

out particular Tryals and Experiments, well attend- 
ed to and confidered b). | 


(3.) That Experiments are but infignificant Faéis, 
unle/s they have a direct Ufe in Life, or tend to the 
raifing of Axioms and Canons, for improving our 
Knowledge, and extending cur Power over the Works 
of Nature c). 


(4.) That be who can chufe fit. Subjeéts, place 
them in proper Miatrices, or including Veffels, 
and fupply them duly with Air and Water, Heat 
and Cold, may probably produce great effetis in Imi- 
tation of Nature a). 

(5.) That nature points out three Matrices for 
producing Phvfical Effeéis, different in Finenefs, 
viz. Beds of Earth, Beds of Water, and Beds of 
Jtmofphere: Beds of Earth for Minerals, of 
Water for Fifh, and of Atmo/phere for Birds, 


a) See above, §. 7, 8, 9, 21, 24, 25. 
b) See above, §. 35, 36, 38, 39, 41. 
c) Paffim. 

J SOE AAR). SD, 27. 
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Sc; Lhe Confines of the Earth and Atmofphere for 
‘Plants and Animals, and a varified Mixture of all 
Matters for Meteors. a) 


(6.) That Men may make ufe cf the fame In- 
Struments as Nature does, viz. Hire, Air, Water, 
and Earth, and confequently produce the fame kind 
of Effects, if Skill, that is, Knowledge, be not want- 
ing. Whence to improve in Knowledge, is to improve 


in frts }).. 3 
(7.) That Chemiftry is not confined to the Ufe of 


Fire only; but, in imitation of Nature, may employ 
Cold, Air, Water, and Earth upon Matter, in va- 
rious Degrees of Simplicity, Combination, and Mix- 
ture, which fhews an extenfive Method of enlarg- 
ing the Bounds of the Art c). 


(8.) That Fire is not only an Analyfer in fome 
Cafes, but alfo a Mixer of Bodies in others; and 
this to the Advantage of Chemiftry: For if it only 
Jeparated, it could produce but few Effects, in com- 
parifon of that infinite Variety it now produces, both 
by Mixture and Separation d). 


(9.) That it might be proper to try the Reci- 
procation of Heat and Cold in Chemical Operations, 
after the manner of Nature, in Day and Night, Sum- 
mer and Winter e). 


(10.) That Body, in all its Forms, is the Ob- 
ject of Chemifiry, not confidered mathematically, nor 
mechanically, but operatively and effectively f). 


(11.) That the Atoms, or primary fall Corpuy- 

_ cles of Bodies, are infenfible to us: Thus the firft 
Particles of Gold, Salts, Metals and Minerals may 

float in the Air, and not be perceived by us, 


a) See§2s5. 8) See § 25, 26, 27. c). Toid. 

d) See § 28—45. epee hy a5 af) See$i 9. 5, 7, 
49, & alibi paffim. | 

: C 4 till 
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till they aggregate or are colletted together, and 
make a fenfible Mas, or produce a fenfible Effef a). 
12. That fome Operation of the Mind is requifite 
to digefi, methodize, and regifter Chemical Expe- 
riments and Obfervations ; without which we can- 
not come to know the Laws obferved by Nature in 
Phyfical Operations, nor be able to imitate them: 
The Chemifiry, or regular Proceffes, of the Mind 
being here as neceffary, as the corporeal Operations 


_themfelves b). 


a) See §. 35,36, 38, 39, 41. 
b) See §. 3, 48, 49, 50, 51. 


More Canons and Axioms might be drawn both from the 
prefent Lecture, and from all the following; but the Defign of 
drawing any atall, ischiefly to recommend the Method, rather 
than the Matters brought a fecond time under confideration. 


LEC- 


ent 


CPSrUR Er M1. 


ON’. Aw ee SC 


Il. The Nature, Properties, Office, and Ufe 
of Fire in general. 

If. Lhe Nature of Celeftial, Subterrancous, 
and Culinary Fire. | 

Ill. The Effects of Fire on the Atmofpbere, 

| and Bodies of the terrefirial Globe. : 

IV. The Degrees of Heat regulated. 


i. 


Nature of Fire: This we fhall attempt Defga. 
by means of Experiments, conducted 
after the manner laid down in our firft Leéture. 

2. All the phyfical Knowledge we can have Prelimi- 
of a Subject muft arife from attending to its »ery Ob- 
Properties and Effe@is. But thefe Properties/“*#"™ 
and Effects can never be difcovered without the 
help of Experiments, which in phyfical Enqui- 

_ ries are the only Interpreters between our Senfes 
and our Reafon. Whence all thofe Notions of 
Fire fhould be rejected as precarious and un- 
found, that are taken from the direct Teftimony 
of the Senfes only, or from bare Reafoning un- 
_ affifted by Experiments. In this Enquiry, there- 
_ fore, the Mind is carefully to be kept unprepof- 
feffed, and to wait for a full and proper Infor- 
mation before it pronounce. 
3 By the general Name of Fire Men feem to Fire, how 
underftand a certain Senfation, or complex No- sderflood. 
tion 


i O UR prefent Defign is to fearch into the Thepresens 
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tion of Light, Heat, Burning, Melting, &ec. 
This Notion fhould be refolved or analyfed, in 
order to fee what Parts thereof are efiential, 
and what precarious or arbitrary. 

The Eyeno 4 We frequently find the Effects of Fire pro- 

ede. duced where no vifible Fire appears. Thus 
the Fingers are eafily burnt by an Iron heated 
below the Degree of Ignition, or fo as to be no 
way vifibly red-hot or fiery ; whence the Kye is 
no Judge of Fire. 


besos 5. So likewife the Touch gives us no pofitive 
ee notice of any Degree of Fire below the natural 


thereof. YAeat of the Body, or of any fo great as to de- 
_ {troy the Organ. 
paella 6. Again, the Effeéts of Fire are often pro- 
fential to duced without any manifeft Signs of Burning, 
Fire. Melting, &c. as in Evaporations, Exficca- 
tions, &c. 

7. If this Method of Exclufion and Rejection 
were purfued to its due length, we fhould per- 
haps find no Criterion, infallible Mark, or Cha- 
racteriftick of Fire in the general, but that of 


a particular Motion, ftruggling among the fmall | 


parts of Bodies, and tending to throw them off 
at the Surface. If this fhould prove the Cafe, 
then fuch a Motion will be the Form or Effence 
of Fire, which being prefent makes Fire alfo 
prefent, and when abfent makes Fire alfo abfent. 
Whence to produce Fire, and to produce this 
Motion in Bodies, will be the felf-fame thing a). 

8. But the following Experiments will afford 
us more Light, and fhew, (1.) That, in general, 
both Solids and Fluids manifeft an expanfive Mo- 
tion upon being heated; (2.) That the direct in- 
flammable Matter of Fuel is Oil, or an unétuous 


a) See Lord Bacon’s Philofophical Works, Englifh Ed. 
Vol. II. pag. 433, Ge. 
, Sub- 


Of Fire. 
Subftance ; (3.) That no Fuel will burn or con- 
fume without the Admiffion of freth Air; (4.) 
Phat the Air, which has once pafled through 
burning Fuel, is of itfelf unfic to animate Fire 
again; and, (5.) That Flame exifts only on the 
Surface of Fuel. 


EXPERIMENT I. 
That Iron expands with Heat. 


g. We procured an Iron Ring to be made, 


juft capable of admitting one end of a folid Rod 


of the fame Metal; then heating that End in the 
Fire till it was red, and applying it to the Ring, 
we found the Rod fo fwell’d, that it would not 
now enter the Follow which it fitted exaétly 
when cold. 

10. [his Experiment dire€tly fhews no more 
than that Iron expands upon being heated ; but 
as it has alfo been found to fucceed in many 
other Solids, it may be made general, till the 
contradictory Inftances are produced in the way 
_of Exceptions a), 


EXPERIMENT II, 
That Fluids expand with Heat. 


11.‘ We filled the fpherical Cavity of a bellied 
Glafs, having along and flender Neck, at three 
different times, with (1.) Mercury, (2.) Water, 
and, (3.) Spirit of Wine, to the fame height ; 
then plunging the Glafs, fucceffively, into Wa- 
ter (kept in the fame Degree of Heat, in all the 
three Trials, as appeared by a Thermometer) 
we found that each Fluid fwelled very remark- 
ably, or rofe up to a confiderable Height in 


@) Cedar Wood has, upon fome Trials, been thought not _ 


to expand with Heat, or contrat with Cold. 
the 
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the Neck of the Glafs, above what it ftood at 
before the Glafs was placed in the hot Water. 

12. This Experiment feems to hold of Fluids 
univerfally : fo that for the prefent we may allow 
the Motion of Expanfion, or Rarifaction in 
Bodies, to be infeparable from Heat, or Fire in 
the general. 


II. 


Three 13. We proceed to confider this general Fire. 


en in its three Kinds, viz. Celeftial, Subterraneous, 

sh and Culinary. 

Celefial. 15. By Celefial Fire we principally mean that 
of the Sun, without regard to the Fire of the 
fixed Stars; tho’ this perhaps may be of the fame 
nature. 

Subterra. 45: By Subterrancous Fire we underftand that 

neous, Which manifefts itfelf in fiery Eruptions of the 

Earth, Vulcanos, or burning Mountains ; and 

by any other Effects it produces in Mines, or 

the more central Parts of the Earth. 

16. By Culinary Fire we mean that vulgarly 
employed in all Chemical Operations, and the 
common Occafions of Life. 

The Sun's 17: Lhe Sun’s Heat appears to be the actuat- 

Heat. ing Principle, or general Inftrument of all the 
Operations of Nature in the Animal, Vegetable, 
Atmofpherical, Marine, . and Mineral King- 
doms da). 

The Purity 18. Confidered in itfelf, Fire feems to exift 

af the Sun in greateft Purity and Perfection in the Celeftial 

Heat. Regions; at leaft we are not fenfible of any 
Smoke it yields: for the Rays of Light come to 
us from the Sun, unmixed with any of that grofs, 
terreftrial Matter found in Culinary and Subter- 
raneous Fires. But allowing for this Difference 


Culinary. 


a) See LeG, I. §. 16. 
the 


the Effects of the Solar and Culinary Fire ap- 
pear to be the fame. 


ig. The Effects of Subterraneous Fires will alfo 9 prop. 
be found nearly the fame with thofe produced raneous 
by Culinary Fire. Burnt Coals, Cinders, and f%re ap- 
melted Minerals are thrown up by Vefuvius, and 724°? 

Hy “ the Culi- 

other Vulcanos. Warm mephitical Exhalations, nary, 
natural hot Springs, Steams, Vapours, Smoke, 
€§c¢. are found in feveral parts of the Globe, 
rifing much inthe fame manner as if they were 
produced by the Heat ofa Furnace. Whence 
it can fcarce be doubted that Subterraneous 
Fires are of the fame pature with the Culinary. 


20. And as all the three kinds agree in giving 
the Motion of Rarifaction to Bodies, it feems ek OG nb 
no way improper to reduce them to one; or to Javea 
quit, for the prefent, the Celeftial and Subterra- sar 4- 
neous, and keep to the Culinary Fire, which is 87. 
more within our power, and every where ready 
at hand to be employed in Experiments, 


a1. All Culinary Fire requires fome Pabulum Fue/whae. 
or Fuel, wherein it either refides or is collected, 
A leading Experiment therefore, in our prefent 
Enquiry, is the Analyfis of Fuel; to difcover its 
con{tituent Parts, and learn which of them is 
more immediately adapted to receive or propa- 
gate Fire. | 


ExrprerRIMeEnr III. 


That Oil is effential to Fuel. 


22. Weput a Poundof common Billet- Wood, 4 hadine 
reduced to {mall Pieces, into an earthen Retort, Experi- 
and diftilled with a naked Fire into a large Glafs ”°"’: 
Receiver. There came over(z.) an acid Water, 

{2.) a redifh tart Liquor, (3.). Smoke, and a 


orofs 
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grofs, black, burnt Oil. The fire being made 


and kept up ftrong at laft, no more Liquor or 
Oil afcended; but (4.) a black Matter, exactly, 
refembling Charcoal, remained behind: this 
being taken out and burnt in the open Air, fell! 
into Afhes ; which by Diffolution in Water af- 
forded (5.) a little fixed Salt, and (6.) an earthy; 
Subftance. 

23. his Experiment appears to be general, 
aA ee or to fucceed alike in all Wood, Coals, or folid: 
Gite: Fuel. We feparated the acid Water or red- 
bilityto difh Liquor from the Oil by the Filtre; and then: 
Oil, found that thefe aqueous Liquors would not burn: 

in the Fire ; no more would the Afhes, the Sale 
or the Earth, either fingly or in compofition :: 
fo that of all the Subftances thus obtained from: 
the Wood, the black Coal and the Oil are the: 
only inflammable ones. But the Coal remains: 
inflammable merely upon account of the erolss 
Oil ftill lodged and clofely locked .up therein, 
and according to its peculiar nature, fcorched,., 
or turned black by the Heat employed in the: 
Operation. | i 
24. If farther Evidence be wanted toprove that 
the Oil remaining in the Coal gives it its Black-- 
nefs and Inflammability; let it be confidered,, 
(1.) That all fcorched Oils turn black; and that: 
the more volatile Oil, which here comes over into) 
the Receiver, is black. (2.) That no other part: 
of the Wood, feparated by the Analyfis, is in-. 
flammable, befides the black Oil; not the Coal 
itfelf after ‘it is become white or reduced to) 
Afhes by open Fire and Air, which is an Ope-: 
ration fufficient to diflodge the grofs black Oil,. 
that could not be raifed by a lefs Force, (3.9) 
That no other chemical Caufe can well be af-- 
figned for this Blacknefs and Infammahility. (4) 
That Wood, Pit-Coal, &c, prove lefs imflam-. 
mable,. 
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mable the more they are deprived of their Oil, 
(5.) And laftly, that the Calces of Metals, ren- 
dered abiolutely uninflammable by Calcination, 
appear to attract this Oil out of burning Fuel, 
fo as thence to recover their inflammable Prin- 
ciple and true metalline Form a). 

25. But without farther Proof we may ven- 
ture, for the prefent, to conftitute Oil the fole 


Principle, or inflammable Matter in Fuel; and » 


on this footing it will be proper to reduce our 
Enquiry to the more oily Species of Bodies, and 
make our Experiments chiefly upon thofe. 


EXPERIMENT IV. 


That Fire will not confume Fuel without the Ad- 
miffion of Air. 


26. Having exactly fitted a hollow Cylinder 
of Iron with a {trong Skrew at each end, we in- 


cluded a long Piece of Charcoal in the Cavity ;- 


then fkrewine both ends tight, we detained the 
Cylinder in a ftrong Fire for feveral Hours; 


letting it afterwards cool and taking out the 


Charcoal we found it ftill black and no way ap- 
parently confumed, altered, or diminithed. 

27. This Experiment, compared with the com- 
mon Obfervation that Fuel burns and confumes 


quickly in the open Air, fhewsthat Air is ne-_ 


ceffary to the Confumption of Fuel; or that its 
burning and confuming depend upon the Rari- 
faction, Diflodgment, brifk Agitation, and Dif- 
charge of the Oil it contains; which is the phy- 
fical Caufe of the Effect. And hence we have the 


a) Let proper Trial be made, whether the fixed Oil 
cannot be feparated from powdered Charcoal by a flrong 
Lixivium of Pot-ath and Quicklime, fo as to form a Soap, or 


otherwife exhibit this Oil to the Eye. See Le# XVIII. 


a2, 
reafon 
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reafon of the known Rule or Method of extin- 
guifhing Fire by {mothering it, or sgl it 
clofe from the Air. 

28. But that the bare Motion of confined Air, 
or its paffing feveral times through lighted Fuel, 
is not capable of confuming it, appears by the 
following Experiment. 


EXPERIMENT V. 


That Air which has paffed thro Fire , or ignited 
Fuel, is unfit to animate Fire again. 


. We caufed a wooden Box to be made, 
Seely clofe and tight, with Glafs Windows on 
the fides. At the bottom of this Box wag a Per- 


foration exactly fitted with a hollow wooden’ 


Plug, that joined to atight leathern Pipe. This 
Pipe at the other end communicated with the 
Clack of a pair of Hand-Bellows, the Nofe 
whereof entered ata Hole on one fide of the 
Box; fo that by this Contrivance it was eafy to 
draw the Air out of the Box intothe Cavity of the 
Bellows, and return itinto the Box again, without 


-admitting any other Air befides that originally 


contained in the Box. We now feta little Cha- 
fing-Difh of live Coalsin the middle of the Box, 
and fecuring all the Joints tight from the exter- 
nal Air, we plied the Bellows; which, inftead 
of increafing, foon totally extinguifhed the Fire ; 
tho’ the Coals were by no means burnt to Afhes, 
but remained black and frefh when cold. 

30. Hence it is manifeft, that even a brifk 
Motion of fuch Air as has already paffed through 
burning Fuel, is fo far from tape a that it 
deadens or quenches Fire @), in the fame manner 


a) Let a proper Experiment be devifed, to fhew what Al- 
teration the Air fufkirs by pafling through Fire. 
as 
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damped or fmothered ; the Oil of the Fuel not 
being carried off for want of freth Air. | 
31. This method of damping Fuel, or fuffer- Pole 
ing it firft to burn a little and then extinguifhine charred, 
~ it, teaches us a Method of rendérine Fuel inot- 
_-fenfive and fit for the. more curious Us, by 
_ difcharging its grofs Smoke, fo as to leave a pure 
charred Coal behind, | f¥, § : 

Thus for example, if Pit-Coal or Wood be 
burnt, not in. the open Air, but with a cover’d, 
‘clofe, or mouldring Heat, till it ceafes to fume, 
and be then immediately quite fmothered or 
quenched by throwing on it Mould, Sand, or 
‘Water, it becomes a charred Coal or Coak, 
fit for the drying of Malt, or other curious Ope- 
rations in which grofs Smoke would be pre- 
judicial, , 

32. Another Method of obtaining a pure Fuel 
is to chufe fuch an inflammable Matter as yields 
little or no Smoke from the firft; fuch, in par- 
ticular, is Spirit of Wine; or, in the next Degree, 

Oil of Turpentine, or other thin etherea/ Oils, as 
they are called; whereof Spirit of Wine is by the 

_ Chemitts delervedly reckoned the fineft or mott 
Se, Saas 


EXPERIMENT VI. 


‘That Flame dwells and plays omy about the Surface 
of Fuel. 


_ 33. We filled a Lamp-Glafs. with Spirit of 
Vine, and aftother with Oil of Turpentine ; 
then fetting fire to each it was vifible thro’ 
the Glaffes that both Liquors burnt or flamed on 
the Surface only; the Flame continually finking 
lower and lower in the Glaffes as the Liquors 
confumed, : 


* See Le. VI. and XHI. 
D 34, 
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34. This Experiment holds alfo of folid Fuel, 

and appears to be univerfal. And hence again 

_ we are directed in the choice of our Fuel; which, 

to light quick, fhould be furnifhed with a thin 

fubtile Oil on its Surface. Upon this principle 

depend thofe fudden Methods of Llumination 

practifed at great Entertainments or publick Re-: 

joicings; and upon the fame Principle we might: 

eafily invent quick, commodious, and inoffenfive: 
Ways of lighting common Fires, &e. 


Hil. 


TheEfe?as 35. Having learned how to procure, preparc,, 

of Fire. manage, and improve our Fuel a), we come: 
next to confider the Effects of Fire, produced by’ 
means thereof, on the Atmofphere and Bodies of: 
the terreftrial Globe. 


On the Ap. 3,0. All Fire rarefies the Air that is near it, asi 

mofphere. appears froma Bladder including a fmall Portion: 
of Air, and lying in a warm Place ; for thus the: 
Airis made to fwell and diftend the Bladder :: 
Whence the Atmofphere muft needs be rarefied! 
by the Sun’s Heat, and produce Effects accord- 
ingly. The Air alfo imbibes Smoke and carries it’ 
aloft, at the fame time that the Fuel diminifhes: 
or waftes and falls into Afhes. Whence the Ain 
becomes a kind of Menftruum, impregnated 
with Smoke or the matter of Soot, in Places: 
where much Fuel is confumed 2). 


On par- 37. The Fffeéts of Fire upon particular Bodies 
tiwlar can only be learned from particular Expert- 
Bodies. ents; to make which, is the more immediate 
Office and ufe of Philofophical Chemiftry. Thus 
in fome Bodies, as Ores, Fire procures Fufion 


a) See above, §. 25, 26,27, 28, 29, 3's 325 33+ 34 
b) See Led. UI. pafim. See alfo Led. 1. §. 16. 
and 
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and Separation; in others, as Sand and Pot-afh, 
Fufion and Mixture ; in fome Drynefs and Ex- 
ficcation, as in Clay; in others Softnefs and 
Pliability, as in Wax, éc. according to the | 
Degree and Manner in which the Fire is ap~ 
plied. But for the Condu@ to be obferved in 
this Application certain general Rules are re- 
quired. And firft with regard to the kinds of 
Heat: 

38. There are in Chemiftry as many kinds of The hinds 
Fieat as there are Mediums thro’ which it may Nise 
be conveyed, or Fuels that afford it. mye 


39. For common ule, Heat is conveyed either 
thro’ Water, Athes, Sand, &¢. or directly thro?’ 
the containing Vefiel. . 


40. When Heat is conveyed thro’ Water it is Balneam 
called the Balneum-Marie, or Water-Heat; when Mviz, 
thro’ Afhes, an Ath-Heat ; when thro’ Sand, a °4"* 
Sand-Heat; and when thro’ na intermediate ““@” i 
Subftance at all, a naked Fire. 

41. Some Differences may be found in the Ef- 
fects produced. by thefe different Heats applied 
in the fame Degree: but they have not perhaps 
been noted as they deferve. 

42. In feveral Bodies ’tis evident that dry and 
moift Heats have different Effeéts; as we find 
remarkably in the common culinary Operations 
of boiling, roafting, baking, &c. And hence, 
where the Effects are required perfectly fimilar, 
the fame kinds as well as degrees of Heat are 
to be ufed, 


43. The pureft Fire is that of Alcohol or per- The De- 


feétly pure Spirit of Wine; the next in Purpyase7cet of 
that of diftilled Oils; the next, that of Charcoal, ike Dye 
or charred Turf; and the impurett, that of Pit, 7;,,., 
Coal: But all thefe have nearly the fame Effect, 


when received thro? the fame kind of Medium. 
D 2 lV: 
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IV. 


The Dee 44 The laft thing to be confidered is, how 

grees of ‘tO regulate and afcertain the Degrees of Heat in 

Heat. Chemical Operations, fo as to produce the Ef- 
fects required in every Cafe. 


tecertain, 45. Lhe common Directions of the Chemitts 
about this Matter are full of Uncertainty ; their 
firft, fecond, third, and fourth Degrees of Heat, 
meaning no precife Degrees meafured by any 
Standard. , | 


Hine Te 46. To reduce this Affair to the neceffary Ac- 
repulated, curacy proper Thermometers might be em- 
ployed, filled either with Oil or Quickfilver, 
and graduated from the freezing Point, or any 
other fixed Point of Cold, up to the Degree of 
boiling Quickfilver. Thus would come in their 
The frp refpective Places, (t.) the Degrees of Heat beft 
Deoree, iuited to Vegetation, which might be ferviceable 
: in regulating the Temper of Green-Houfes. And 
this temperate Heat is fit for extracting the 
native Spirits of odoriferous Vegetables with Oil ; 
as of Rofes, Jafmin, &@c. and again, for making 

the more curious Infolations, We. 


Cts fecend. 47° (2): The next Degree of Heat may be 

accounted that of the human Body in a healthy 
State, which is always greater than that of the 
ambjent Air. But when the Body is dead, it 
receives the fame Degree of Heat with the am- 
bient Fluid. This fecond Degree of Heat is 
adapted to vinous and acetous Fermentation, 
Putrefation, Exclufion of the Chick; the finer 
Digeftions, the making of Tinctures and Elixirs ; 
and the Adepts have ufed it for the firft Digef- 
tion of their Mercury, by carrying the including 
Veffel conftantly in their Pocket. 


48. 
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48. (3.) The third Degree of Heat in this The wird. 
Progreffion may be that ot boiling Water, when 
the Atmofpere is in a middle State of Rarefac- 
tion. This Degree is required in the Diftilla- 
tion of fimple and compound Waters, the effen- 
tial Oils of Vegetables, and will coagulate or 
confolidate the Serum, Blood, and other animal 
Juices, and confequently deftrey animals. : 
49. (4.) A fourth Degree of Heat may be Th frurtd. 
that wherein Quickfilver or Oil of Vitriol boils, 
diftils, or becomes volatile. This Degree 1s 
fuited to the melting of Lead, Tin, Bifmuth, 
€&c. the fubliming of Sal Ammoniac and Sul- 
phur; the calcining of Antimony, @&e. 

50. (5.) A fifth Degree of Heat may be that Fiz. 
wherein Iron is kept in thin Fufion. By this 
Degree all the other Metals are melted, viz. 

Gold, Silver, and Copper; Glafs is made, and 
the unvitrifiable Stones calcined. : 

51. (6.) The fixth and higheft Degree of Heat sixep, 
hitherto known, is that of the burning Lens, or 
the Concave Mirror of M. Villette, T/cirnbaujfen, 
and others. The Focus of thefe Glafies will even 
volatilize what is called the Metalline or Mercu- 
rial part of Gold, and vitrify the more ter- 
reftrial. 

52. And thus much for regulating the De- qi. pe. 
erees of Heat to be employed in Chemical Ope- grees of 
rations. We muft next confider by what means eet. bow 
the preceding Degrees of Heat may be excited Sapa 
and preferved, as Occafions require. 

53. (1). The Fuel muft be chofen fuitable to 
the Intention. The natural Sun in Summer fuf- 
fices for Infolations. A Spirit-Lamp may be 
made to give a moderate, or a confiderably {trong 
Heat, according to the number of Wicks em- 
ployed; and its Strength may be eaflily mea- 
fured and adjufted by the Thermometer, 


2 aa 54. 
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$4. (2): They lighter Fuels, fuch -as. Straw, 
Leaves, Twigs,: é&c. come next in order after 
Spirit of Wine. (3.) Then Oils, Wax, Rofin, 
Pitch, Ge. And, (4.) Laftly, folid, Wood, Coals 
and ‘Turf; all which may have their proper Fur- 
naces, fo as to be -burnt,,in.the requifite Quan- 
tity and with the requifite Fiercenefs or Slownefs. 
The great- - 55. Lo excite the greateft Degree of Heat in 
eft Heat a Furnace the Ruleis, to,ufe the denfeft Fuel, in 
with fuel. the largeft Quantity, and with Bellows all round 
the Furnace, incefiantly blown, and directed to 
the central Point of the» Fire wherein the Matter 
to be acted upon is lodged... And in this manner 
may ‘be procured a Degree of Heat fufficient for 
any of the known Operations upon Metals, Mi- 
nerals, Glafs, &c. that require the ftrongeft cu- 
linary Fire a). 


V. 


Axtoms and Canons, for the better Knowledge 
and Regulation of Fire. 


We learn from the preceding Enquiry ; 

1. That the direét Senfes afford but little In- 
formation as to the real Nature and effential Pro- 
perties, or Porm of Fire 6). 

2. That the Form of Heat and Fire is a certain 
bridied or reftrained. Motion, excited, main- 
tained, and ftruggling in the minute Parts of 
Bodies, and tending to throw them off at the 
Surface c),. 

N. B. Uf this Form be rightly difcovered, then to 
introduce ron? a Motion among the Parts of any 


a) If more be defired upon this extenfive Subject, the Rea- 
der may confult the Lord Bacon, Dr. Hook, Mr. Boyle, Mr. 
Evelyn, Dr. Bohn, M. Homberg, Dr. Boerhaave, and Dr, Stahl. 

b) Seeabove, §. 34,5, 6,7, 33. 

¢) See §.'7, 8, 9, 10, 11, 26, 27, 28,29, 32, 335 34- 


Body, 


a OR iret 10 
Body*twill’be to introduce Heat 3 or, if the Nature 


of the Body sm ae i a, Lgnition or wei 


mation. 


“That’as thie aired: damnable Mateeto in 


all Fuel is the Fat or Oilit contains 4) the moft 
oleaginous Fuel isthe beft orricheft. °° ! 


4. That’Flame isthe {mall Parts ofan ‘rife 


mable or confiderably un@tuous Body, actually 


fet on fire; or brifkly‘agitated and* thrown. off, 


witha certain’ vibrative Motion, at the Surface of 
that Body, into the open Air b). i 

g. That Flame’cainot*exitt ioe ® Oil ai 
Whence ‘it’ is that- A fhes; Sandy Glafs, Stones, 
and Earths do not flame upon’ Ignition, ote ra~ 
ther damp and extinguifh Flame. 

6. That as Oil is the only inflammable Sub: 


ftance in nature a), this may direct°us tothe 


means of preventing Conflagrations ; viz. by 
ufing fuch Materials in Building as contain 
little or no Oil. This Direétion might be- like- 
wife extended to the making of incombutftible 
Paper for valuable Books ‘and Manufcripts ; 

new Materials for Hangings, Furniture, €c. 

7. hat as all Flame catches and exitts only, 
on the Surface of inflammable Bodies c); we are 
hence ledto invent Methods of cafing, or other- 
wife defending, the Wood work of Ships and 
Buildings from Accidents by Fire. 

8. ‘That as the three capital kinds of Fire 
have a near relation, and may be very well re- 
duced to one, for human Ufes, viz. the culinary 
kind d); Men may have reafonable Hopes of. 
performing confiderable things by its means in 


a) See above, §. 22, 23, 24, 25, 33> 346 
b) Seeabove, §. 26, 27, 29, 33. 34. 

c) See above, §. 33. 34. 

a) See above, §. 13---20, 34, 36, Oe, 
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imitation of Nature; as particularly in promot- 
ing and regulating Vegetation,. the Ripening of 
Ores, &%c. by artificial Heats. | 

g. That Fire and Flame are abolifhed or ex- 
tinguifhed by Suffocation, or an Action contrary 
to Ventilation 4), as being deftructive or preven- 
tive of that internal Commotion and Difcharge 
of the oily Particles of the Fuel by means of the 
free Air, in which the nature of open and con- 
fuming Fire and Flame confifts 4). Hence 
Tire and Flame are quenched by Water, or even 
by Spirit of Wine er Oil of Turpentine, if a 
live Coal or lighted Candle be fuddenly plunged 
therein below the Surface of the Liquor. For 
the Degree of Heat which Water, Spirit of 
Wine, or Oil of Turpentine unfired, are capable 
of receiving, being much lefs than that of a 
burning Coal or Candle, the greater Heat is fub- 
dued by the lefs; juft as Fire is quenched by 
boiling Water. 

10. That Heat is Fire in alefs Degree, and 
Fire only a greater Degree of Heat, on which 
Lucidity, and, if the Matter be unctuous, In- 
flammability 2), depend: as we fee in hammer- 
ing a Piece of Iron till it becomes red-hot; and 
in the firing of Wind-mills, or Coach-wheels, 
by their own violent Motion. 

11. That Heat muft aggregate and collect ina 
certain Proportion before it become cognizable 
to the Senfes, or produce any manifeft Effects 
of Fire or Flame. Thus a Degree of Heat be- 
Jow that of the natural human Body is infenfible, — 
ar pafies for a Degree of Coldnefs; and the or- 
dinary Motion of Wind- mills, Carriages, &e. 


a) See above, §. 26, 27, 29, 30, 31. Seealfo Axiom 2 fore- 
gong. 


b) See above, Exp, MI, IV, V, and VI, 


produces 
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produces no remarkable Heat; tho’ when the 
Motion is greatly increafed, or the Friction ccn- 
fiderable, it foon excites Fire and Flame a.) 

12. That all the Chemical Operations require 
acertain or determinate Heat, in order to their 
being performed to the greateft Advantage; and 
that this Heat may be affigned and obtained, in 
every cafe, to the great Improvement of Che- 
miftry 2). 


a) See above. §. 3, 4, 5, 6, 7. 
5) See above, §. 44, 45. 


oh 
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CONTAINING 


(1.) The general Properties, (2.) Ingredients, 
— (3.) Nature, (4.) Ofice and Ujfe of the 
Atmofpbere . aS 


(5.) The Changes therein; (6.) The Effeéts 
tt produces on the Terreftrial Globe, and 
(7.) In Chemical Operations. 


The Sub- 1, I. are now to enquire into the Chemi- 

jee. cal Nature, Properties, Ingredients, 
Office and Ufe of the Atmofphere. 

The Atmo- 


2. By the tmo/pbere we underftand that whole 
fhe Mafs of rarefied Matter, or dry Fluid which 
' furrounds the Globe of the Earth to a confide- 
rable Height. 
ts Import 3, To difcover the Nature, or the Influences 
to Che- and Effects of this Fluid, is of the utmoft Impor- 
*!")- tance to Chemiftry ; it being the general Fluid 
wherein all Animals, Vegetables, and Minerals 
grow, wherein our Fires burn, and every Che- 
mical Veffel and Subject is included. 
Po be ex- 4+ We fhall examine it as exifting in three 
amined in States, viz. (1.) As it is an intire Mafs that 
three {urrounds the whole Terraqueous Globe; (2.) As 
States. i+ confifts of diffimilar Parts, whilft it either lies 
open and remains one with the reft, of elfe is 
feparated therefrom by being included in our 
Glaffesor Veffels ; and (3.) As itisunited with, or 
fixedin Bodies. And from this Examination of the 


Parts 


Of Air. — 43 
Parts of this general Fluid in different places we 
may infer the nature of the whole. 


EXxpERIMEnT I. ; 
That different Effiuvia mix and form Clouds, or unite 
in the Atmofphere. | 


5. We unftopped a Bottle of ftrong Spirit That the 
of Sea-Salt, and another of volatile Spirit of Sal 4#- 
Ammoniac; and fetting the Bottles near gachorrere 
other, the Vapours infenfibly arifing from them Vatours. 
met, and formed themfelves into a very grofs vi- 

fible Fume or actual Cloud, that continued for 

fome time, but afterwards difappeared, or mixed 

more intimately with the Air of the Room. 

6. One of the Liquors here employed is an 
acid Spirit, and the other an alkaline one, which 
being mixed form a Species of neutral Salt or 
Sal Ammoniac. And as their Fumes are no 
other than fine Parts of the Liquors themfelves, 
that ftill retain their Nature, they conftitute this 
Kind of neutral Salt in the Air. 

(7. That fomething of the fame kind natu- 
rally happens in the Atmofphere appears from 
hence, that all Vegetables produce a kind of vo- 
latile Salt by Putrefaction ; that the volatile Salts 
of putrefying animal Subftances, no lefs than. 
the former, naturally go up into the Air, which 
contains likewife fome Proportion of Sea-Salt 
raifed from the Earth and Ocean: fo thatif thefe 
Particles meet they will neceffarily make a kind 
of Ebullition, and unite into a neutral Subftance, 
in the Atmofphere ; which may hence abound — 
with a variety of acid, alkaline, and neutral Salts, 
the Signs whereof are evidently difcovered by 
the Changes they produce in the Colours of dif- 
ferent Bodies. . 

8.. This 


+4 


G he Pref- 
_fure of the 
Air. 


The Air's 
Elafticity. 
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_ 8. This Experiment therefore may fhew to the 
Eye fomewhat of the phyfical manner wherein 
Clouds and Meteors are generated in the Atmo- 
fphere, and teach us that Salts naturally abound 
therein: whence again we have the phyfical 
Reafon of many Effects produced by the atmo- 
{pherical Air, in the animal, vegetable, and mi- 
neral Kingdoms, and in many Chemical Ope- 
rations. 

g. That the Atmofphere not only fupports 
Vapours or Effluvia raifed into it from the Earth, 
but alfo preffes upon terreftrial Bodies by its 
Weight, appears from many Pneumatical Ex- 


periments; of which kind we need only produce 


two or three for the prefent. 


EXPERIMENT II. 


That the Atmo[phere preffes upon Bodies by its 
Weight. 


10. This was made fenfible to the Hand ap- 
plied clofe on the top of a hollow metallic Cy- 
linder or Ring, about two Inches in Diameter, 
fet upon the Air-Pump; for the Air being 
drawn out of the Cavity underneath, the Hand 
was remarkably preffed inwards, and felt a con- 
fiderable Weight. 

it, The Effe& was likewife fhewn in a diffe- 
rent manner to the Eye, by the breaking of a 
piece of flat Glafs applied clofe to the top of 
the fame metallic Ring : for the Air being drawn 
away from below, the Glafs was immediately 
crufhed to pieces and fell inwards, with a loud 
Noife and a confiderable Force. 

12. Befides this Weight or Preffure the Air 
or Atmofphere has likewife an elaftic Force 
which is no lefs confiderable , as appears by many 
Examples, and particularly by the ee 

X- 


‘Of Air. 


ExpERiMENT II. 
That Air is elaftic, or capable of forcing, diftending, 
| or [queezing Bodies by its Spring. 


13. We included a little Air in a Bladder,‘ fo 
as to leave it almoft flaccid, and tying the Neck 


clofe put it into a Receiver, out of which we. 
then exhaufted the Air (but not out of the Blad- . 


der ;) whereupon the Bladder immediately fwell- 
ed and appeared as if full blown: but upoa re- 
admitting the external Air the Bladder was pre- 
fently {queez’d up, or contracted to its former 
Dimenfions. ! 

14. The fecond and third Experiment there- 
fore fhew that the Airor Atmofphere, both in its 
natural unconfined State, and when certain Por- 
tions thereof are included in Veffels, continually 

exercifes a gravitating and an elaftic Power, ca- 
_ pable of producing many Effects ; as continually 
prefling, by its Weight and Spring, all the Bo- 
dies we know. It perpetually prefies upon the 
Surface of the Earth, with a Weight equal to that 
of a Column of Quickfilver whofe Bafis is that 
Surface, and whofe Height is about 29 Inches ; 
as manifeftly appears by the Barometer. 

15. Hence the Atmofphere will infinuate itfelf 
into the open Pores on the Surfaces of all Bodies, 
capable of receiving 1's component Particles. So 
that the Pores of many Subftances, though to our 
Senfes they appear Vacuities, are full of commen 
Air; which thus produces the proper Effects of 
Air, in Diftillations and many other chemical 
- Operations. | 

16. The Atmofphere alfo, as a Fluid, mutt 
by the Laws of Aydrofatics prefs Bodies equally 


every way, and the internal Air of Bodies acting 


within, whilft the external Air acts without, nu- 
merous 
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merous phyfical Effects are hence produced in 
that great Laboratory, the Earth ; where Bodies 
are by natural Powers and Agents diffolved, pu- 
trefied, changed, and carried off into that grand 
Repofitory the Air. 

-17, And tho’ the Atmofphere itfelf be invifible, 
yet we cannot but be fenfible of the Effects it pro- 
duces, feeing they are by means of proper Contri- 
vances and Obfervation, made perceptible even 
by the Senfes, as in the preceding Experiments. 
And thus, tho’ the Atmofphere be a rarefied and 
moveable Fluid, fo that Bodies eafily pafs thro’ 


it, yet broad Surfaces are greatly refifted by it. . 


And hence its Force, as a refifting Fluid, be- 
comes manifeft in high Winds, by driving and 


_diffipating the Clouds, and all kinds of Vapours 


Thermo- 
meters €X= 


plained Z 


and E;xhalations; which are thus mixed’ in with 
the Mafs of the Air, fo as to forma heterogeneous 
Fluid, or Chaos of infinite Materials. 


ExPERIMENT IV. 


The Confiruction, Nature, and Ufe of the common 
Thermometer. 


18. (1.) The common Thermometers are Glafs- 
Tubes fill’d with tinged Spirit of Wine, and 
graduated, fo as to fhew, by the rifing or falling 
of the Liquor, the Degrees of Heat to which it 
is expofed. : 

19. (2.) Spirit of Wine is chofen for this Pur- 
pofe, becaufe of all known Fluids it is the mott 
rarefable with Heat, next to the Atmofphere it- 
felf. Denfer Fluids might be employed, but the 
Divifions would then be lefs; and Water is unfit 
for this Purpofe, as freezing with Cold. 

20. (3.) Thefe Thermometers are the exacteft 
Inftruments hitherto known for meafuring the De- 
grees of Heat; being filled either with Alcohol, 

Brandy, 


Of Ar. 4.7 
Brandy, Oil, or Quickfilver, according to the fe- 
veral Purpofes for which they are defigned a). 

21. (4.) The common Thermometer fhews 
the Warmth of the Air; and that it always con- 
tains fome Degree of Fire or Heat, more or lefs: 
_ for Spirit of Wine has never been found to freeze 
or congeal with any Weather, in any Climate ; 
but rifes and falls in the Tube as the Weather is 
more or lefs hot; with regard to which alfo the 
Atmofphere frequently varies. 


EXPERIMENT V. 


To determine the Proportion of Water contained in an 
affigned Portion of the Atmofphere. 


22. Having, by means of the Air-Pump and Water iz 

an exact Pair of Scales, found the Weight of a *¢ 4’ 
certain Quantity of Air contained in a large Glafs 
Veffel, we included therein a known Weight of 
well dried Potential Cautery (whole Property is 
powerfully to attract the Moifture of the Air ;) 
‘and kept this Vefiel clofe ftopped for feveral 
Hours, during which time the Potential Cautery 
was grown wet: in this ftate we weighed it again 
and found a confiderable Increafe ; which mutt 
be owing either to the Water attracted out of the 
Air in the Glafs, or to a Condenfation of the Air 
itfelt into an aqueous Fluid: for fuch a Fluid. 
might now by Diftillation be obtained from the 
Matter thus run per deliquium b). 

23. There is fome room to fufpect that, if this 
Experiment were made in Perfection, a Weight of 
Water, almoft equal to that of the Air included 
in the Veffel, might be thus obtained; which 
would prove a very extraordinary Difcovery, and 


a) See Le&@. 11. §. 46. 
6) The Experiment was not-made with all the requifite 
Exattnefs, ! 
fhew 


Frefh Air 
vequired 
in Refpi- 
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fhew what fome have endeavoured to prove; that 
the Matter of common Air is little more than 
Water 2). 

24. That much Water muft needs be contain- 
ed in the Air appears evident from the Quantity 
daily exhaled by the Sun, from the Ocean, the 
Rivers, and the whole animal, vegetable, and 
mineral Kingdoms. And as the Water fo raifed 
into the Atmofphere muft neceffarily mix and join 
with the faline and other Particles it there meets 
with, and is capable of diffolving ; hence the 
Water of all our Springs, Rivers, and the Ocean 
itfelf is impregnated with numberlefs Matters, that 
little appear in Water. And poffibly to give the 
animating or vivifying Spirit to Water, it is phy- 
fically neceffary that it fhould be perpetually re- 
fined or refrefhed by this Kind of Diftillation, or 
recruited and new impregnated with the Efluvia 
or fine Particles of all the Bodies floating in the 
Atmofphere ; after the fame Manner as a. fkilful 
Operator, to give his diftilled Waters the finer 
Impregnation, fufpends a proper Mixture of a 
gredients in the Mead of his Still. 


Merviriaidmadi VIL 


That a Refrefoment or Renewal of Aur is neceffary 
to Life. 


25. If Animals or Plants be long continued 


.in the fame clofe, unchanged, or unrefrefhed Air, 


they will languifh and expire, much after the fame 
manner as Fire would do, by a Kind of Suffo- 
cation &). 
26. Hence it appears that the Air, which has 
once ferved for the Refpiration either of an Ani- 
mal or Vegetable, is unfitted for the fame Office 


a) See the Lord Bacon’s Natural Hiftory of Winds, pafim. 
b) See Le@. II. §.29. & alibi pafim. 
again, 


+ 


Of Air. a 
again, till it be recruited, as it feems to be, by 
mixing with the open atmofpherical Air. Every 
Man ts computed thus to defpoil a Gallon of 
Air in a Minute; whence, if the Number of 
Animals and Vegetables on Earth be confider’d, 
it fhould feem that the whole Atmofphere mutt 
‘in time be defpoiled, unlefs fome natural means 
were ufed to prevent it. Indeed, on weighing the 
matter attentively, one might fufpeét that the Par- 
ticles of numberlefs Materials, fermenting * toge- 
ther in the Atmolphere, produce a certain Spirit, 
or fine vivifying Subftance, that thus renovates 
-and invigorates the whole Mals, and renders je 
again fit for Refpiration and the Suftentation of all 
natural Bodies. And hence perhaps it is that no ill 
Effects are ufually fele from that immenfe Quan-= _ 
tity of grofs Smoak continually difcharged into 
the Atmolpheres of large Cities, All Bodies 
jufer a kind of Tranfmutation, and may, by the 
eltablifhed Courfe of Nature, go the fame rounds 
again. And hence alfo it is no wonder that Air, 
when fo richly impregnated with Water, Soor, 
Smoak, Salts, Oils, Kitchen-Exhalations, €c, 
thould prove in fome degree nutrimental. 


EXPERIMENT VII. 
That loofe Air is contained in Fluids, 


27. We put Water, Small-Beer, and Brandy Air in i 
feverally into an Air-Pump Receiver, and ex-9#7s- 
haufting the Air obferved numerous Bubbles to 
arife and efcape from each Liguor, burfting upon 
its Surface, 

28. And in like manner is Air difcharged 
from Liquors by boiling them over the Fire: 

This is practifed upon Water, in order to make 

* See Led. VI. pafim, | | 

o} it 
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it afford Ice without Blebs or Bubbles; and a- 

gain upon Oil defigned for Thermometers, &c. 
But fuch Liquors as have bcen thus difcharged 
of their loofe Air, will be found to recover it 
again by ftanding open ; as if loole Air were a 
natural Ingredient in Liquor. 


ExpEeRIMENT VIII. 


That the external Air may promote Solution. 


The dir ag, We fet fome Spirit of Sal Ammoniac and 
may ES, Copper-Filings i vacuo, and compared this with 
tion. a like Parcel ftanding for the fame time in the 
open Air: that ia vacuo had not coloured its 
Menftruum, whilft that in the open Air afforded 
arich blue Tinéture. Hence it appears that the 
free Accefs of the external Air may promote Solu- 
tion in fome Cafes; where it feems to act by increa- 


fing the Motion or Action of the Menftruum. 


EXPERIMENT IX. 


That tbe external Air does not promote Solution in 


all Cafes. 
Yet in 30. Upon two Drams of whole Crab’s Eyes 
fome Cafeswe poured in vacuo two Ounces of diftilled Vine-~ 
a gar, having firft boiled it to get out the Aino vA 


sreat Ebullition was immediately produced, the 
Gage funk, and Air was generated. 

31. Upon comparing this with the fame Expe- 
riment made in the open Air, we found that the 
Ebullition was much greater im vacuo than io 
the open Aur. 

32. Hence we learn that Air may be generated 
upon the mixture of certain Bodies, where it did 
not appear before. 

33. But 


Of Air. . oO 


33. But Experiments of this Kind mutt be 
made with Caution; the Quantity of Air thus ge- 
nerated in fome Cafes being able to raife the Re- 
ceiver, and throw it to a confiderable Diftance, 

34. There is wanting an Account of all the 
Mixtures that will produce Air in fo violent a 
Degree; among them may be reckon’d Oil of 

Vitriol with Oil of Tartar per deliquinm, Aqua- 
Fortis with Iron Filings, are of Nitre with Oil 
of Caraway, Fe. 

35. And thus Air may be generated betwixt 
Solids and Fluids, and betwixt Fluids and- Fluids, 
by bare Mixture. The following Experiment will 
_ fhew that Air may be extricated out of Solids, 
and that it makes a conftituent Part thereot. 


| EXPERIMENT ae Has 
Lhat Air enters the Compofition of Solid Bodies, 


36. We put a Piece of hard Tallow into an Iron 4ir in So- 
Retort with a long Neck ; then laying the large’ 
End of the Retort in a naked Fire, the fma!l one 
being plunged into Water, we diftilled in the ufual 
Manner, and obferved that large Bubbles of Air 
- continually’ rofe and difcharged themielves thro” 
the Water into the Air of the Room. At length 
ceafing the Operation, and collecting all the vi- 
fible Matter either left behind or come over into the 
Water, we found a very confiderable Lofs of 
Weight, owing to the Air having been feparated 
or forced by the ftrong Heat from the reft of the 
Tallow pe 

ews If it be objected that the Lofs of Weight 
might, in great Meafure, be owing to the Iron of 
the Retort, which when hot has the Property 
of drinking in Oil or Tallow; it may be obfer- 


* The Expeximent was not made with requifite Care and 


Caution. | 
E, 2 ved, 
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ved (1) That the Effect is nearly the fame when an 
Iron Retort is employed that has been ufed for 
the fame Operation before; (2) That the Ex- 
periment anfwers préportionably when made in 
Glafs; (5) That other Bodies befides Tallow, 
particularly Hartfhorn, Bone, Tartar, &c. yield 
plenty of Air, when treated in the fame manner ; 
(4) As there is fo large a Quantity of Air- 


Bubbles difcharged in the Operation, and as Air 


is proved to be a ponderous Body a), the Lofs of 
Weight may be fairly attributed to the efcape of 
the Air. But (5) a proper Gage may be contrived 
to determine the exaét Proportion of the Air 
thus feparated, with refpect to the original Matter 
or Subject employed 4). 

38. This Experiment is of great Importance 
in Natural Philofophy and Chemiftry. When 
fully. verified and duly profecuted it may fhew 
(1) that all natural Bodies confilt of a very large 
Proportion of Air, as one Part of their original 
Compofition ; (2) That Air is neceffarily required 
to'the Formation and Growth of Animals, Ve- 
getables and Minerals; (3) That when Bodies are 
diffolved or refolved a great Part of them turns 
into Air again; as when a Candle is burnt or 
Fuel confumed; or as when Vegetables, cni-. 
mals and Minerals ferment, putrefy or corrupt ; 
or as when Bodies are chemically analyted or 
treated by Heat. 

39. (4) That the Matter which in the Diftilla- 
tion of Hartfhorn, Tartar, and many other things 
explodes ‘and puffs thro’ the Luting, or fome- 
times, when confin’d, burfts the Glaffes or Vef- 
fels, is the Air fet free by the Heat. 


_ a) See above, Exp. II, 
b) See Mr. Hale's Vegetable Statics, under the Analyfis 
of the Air. 


40. 


CP oar. 

40. (5) That the Air thus naturally conden- 
fed, confined, and intermix’d as a conftituent Parr 
in Bodies, has a great Share in their Diffolution ; 
for being violently rarified it breaks the parts in 
pieces and flies off, | ee 

41. (6) But leaving the Experiment to be 
further verified, and made general, if capable 
thereof, we fhall anticipate no more, but pro- 
ceed to reap the Fruits of the prefent Enquiry. 


I] 


Axtoms and Canons derived from the Enquiry. 


1. We learn from the preceding Enquiry that 
the Atmofphere, confidered as a Whole, and a- 
gain as confifting of an infinite Number of Ingre- 
dients, is the Phyfical Caufe of numerous Effects, 
not only in the Air itfelf, but likewile upon. the 
Surface of the Earth, in the fubterraneous Regions, 
in the Exercife of numerous Arts, and particularly 
in Chemical Operations a). | 

2. That it is the phyfical Office and Ufe of 
the Atmofphere to affift in raifing the Vapours 
and Exhalations of the Earth 2), and to ferve as a 
general Matrix for them c), wherein they are 
all blended together and fermented, or fame way 
changed in their Nature, fo as to perform new 
Offices, or recruit the vegetable, animal, and 
mineral Kingdoms, when fuch enriched Vapours 
fall back again in Rain or Dew to the Earth d). 

3. That ic is the Nature of Air to infinuate 
itfelf into Fluids ¢), unite and fix in Solids, fo as 


a) See above, Exp. II. II. 1V. V. VI. VII. VIN. IX. X. 
6) See Exp. I. 

c) See Le&. I §. 16. 

d) See §. 25,26. & alibi pafim. 

#) $.27, 28. nape 

i. natu- 
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naturally to. make a conftituent Part of 
both a). 

4. Hence may be conceived, in general, how all 
the Changes happen in this great Chaos the At- 
mofphere ; viz. according as floating Particles of 
different Kinds chance to meet, fo as to form 
confiderable Aggregates or Collections ; and ac- 
cording as thefe are favoured by the requifite De- 
grees of Heat, Cold, Drynefs or Moifture, So, for 
example, a Cloud of nitrous Spirit meeting with 
a Cloud of oily Particles might fuddenly pro- 
duce Corrufcations, as in the mixing of Spirit of 
Nitre and an effential Oil 4). And in this man- 
ner may the Generation and Phenomena of all 
the Meteors be chemically explained. And thus 
the Occurfions of various Parts of different Bodies 
in the Atmofphere may be the Caufe of the Me- 
teors, fiery Winds, Explofions, Thunder, Light- 
ning, the Aurora Borealis, and other Phanome- 
na, which we can imitate by certain Mixtures, 
in the way of Philofophical Chemiftry ¢). 

s. That the Atmofphere is an univerfal In- 
ftrument, in the Hands both of Nature and of Art, 
for producing Effects, whether on the Surface of 
the Globe, in the Bowels of the Earth, in the 
Air itfelf, in the Laboratory, or in other human 
Works 4d). Thus it caufes Fire to burn, and . 
Bellows are but Engines to convey it thereto. 

6. That as Air defcends, and acts more forcibly 
in the fubterraneous Regions, on Account both of 
its greater Denfity there, and of the fubterraneous 


a) §. 27, 28, 36, 37, 38. 

b) See Exp. I. 

c) See Mr. Lemery’s Philofophieal, and Chemical Explana- 
tion of Subterraneous Fires, Farthquakes, Furricanes, Thun- 
der and Lightning, inthe French Memoirs, Anno 1700, 

da) See the whole Lediure pafim, See alfo Led. I. peoffim. 


Heat ; 
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Heat; hence Vulcanos and more violent Fires 
may happen there than upon the Earth’s Surface, 
a). And poffibly this greater Heat and Power 
of the Air below is neceflary to the Production of 
Minerals and Metals 4). : 

7, Hence we may learn the phyfical Caufe. 
why in the open Air diftilled aromatick Oils lofe 
their native Spirit, grow thick, and terebinthinates, 
why Wines grow flat or lofe their Brifknefs ; why 
pale volatile urinous Spirits grow red; why Mi-, 
neral Waters lofe their Virtue; and how Air has 
in all refpeéts a powerful Influence upon Liquors 5 
as being a dry Fluid in brifk Motion, whereby it 
eafily lays hold of and carries off all the moft’ 
fubtile and volatile Parts of Fluids, leaving the 
eroffer behind, and thus changes the “Texture,. 
Colour, and Confiftence thereof ¢). — 

8. That the Atmofphere is, perhaps, the moft 
compounded and diffimilar Mafs in Nature ; 
confifting of an elaftic Part, and the Vapours 
and Exhalations arifing from all the folid and 
fluid Bodies of the Globe, Salts, Oils, Minerals, 
Metals, &c. 2). | 

g. That the Air is the Caufe of numerous Ef- 
feéts, ill afcribed to other Caufes by the ancient — 
Chemifts, who for want of the Air-Pump and 
other Contrivances, were ignorant of the genuine 
Properties and Effects of the Air ¢). 

10. That the component Parts of the Atmo-— 
fphere are coarfer than thofe of Fire. For the 


a) See Le@. II. 

b) See above, Exp. X. See alfo the Leéfure on Metallurgy 
hereafter. . 

c) See Exp, I. VI. IX, & §. 18. 

@) See Expo 1. €'e. 
— @) See Exp. VI. IX. X. 


E 4 ; com- - 
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component Parts of the Atmofphere wil! not pafs 
thro’ Glafs 2), Stones, Metals, &@c. as Fire does. 
Alfo Water , Lixivims, Oils, 8c. pals where Air 
cannot; as we fee in Bladders, Wet-Leather of 
the Air. Pump, &@c. Hence the Air may be arti- 
ficially excluded from many Bodies: 2), | 

11. That the Atmofphere is continually at work 
upon ail the Bodies Subjeét to its Power, in the 
way of a Menftruum; whence Iron ftanding in 
the open’ Air is corroded; imperfect Glals dif- 
folved ; Salts and Sugars run into Liquors; and 
the Bodies of Aniindis! Vegetables and Minerals 
prey’d upon ¢). 

12. That there is a continual Reciprocation 
betwixt the Earth and the Atmofphere ; they 
mutually diftilling, as it were, or throwing off 
Matters from one into the other. Thus the Earth, 
by the Sun’s Heat, fublimes fome Parts ‘of all 
things into the Atmofphere, and the Atmofphere 
again precipitates them. to the Earth @). 

13. That the different Succefs of Chemical 
Operations may be greatly owing to the parti- 
cular Vapours or Effluvia floating in the Labo- 
ratory where fuch Operations are performed @). 
Thus if Salt of Tartar be run per deliquium, 
where Vinegar is diftilling, it becomes regenera- 
ted ‘Vartar; a thing very different from the in- 
tended Oil. 

'4. As Air always adheres to the Surfaces of 
Bodies, dnd‘as the Surfaces of Bodies are enlarged 
by pulverizing them f); when we aon exclude 


a) See Exp. H, UI. VII. VIL IX. 
&) See Exp. II. TIT. VII. VITl; UX.e-s vy 2 
) See Exp. 1. U. V. VI. VIL. VIII. IX. See alfo below, 


€) 


Ax. 20. 


d) See Exp. : & Le. 1. pafin, 
e) See Asie d 
f) Si C Exp. Il. 

Aur 


Of Air. 
Air in Chemical Operations, the Subject thould 
not be pulverized. | 

-.45. That the open Air has a powerful Effica- 
cy in many Chemical Operations, efpecially in 
Mixture a), where it often acts mechanically by 
its Weight and Motion; as in the mixing of 
Oil of Turpentine with Salt of Tartar, which 
does not fucceed im vacuo, or in high mountainous 
Places, Fi | 
~ 16. That the Accefs of Air is not neceflary to 
certain Fermentations, or Ebullitions, and Solu- 
tions; fome of them proving more violent in 
vacuo, than in the open Air 3). 

- 17. That no Degree of Cold, or Condenfa- 
tion, has hitherto been able to deprive Air of its 
Fluidity, or render it confiftent c), If there were 
fuch a Power exerted in Nature, it would deftroy 
all Animals and Vegetables, and perhaps ftop 
the Growth of Minerals 4). eos 

18. By comparing the prefent Enquiry with 
the preceding, it appears that Fire cannot fepa- 
rate Oil from Bodies, without the Admiffion of 
the free Air. Whence in the roafting of fulphure- 
ous Ores, or obtaining of white Afhes from 
Bones or Vegetables, we are direfted to ufe an 


open Air, as well as a naked Fire, . 


1g. That the Air is in a Kind of perpetual 


Motion e). Whence it performs all thofe natu- 


ral Offices, that cannot be performed in a Va- 
cuum. ‘Thus leaven’d Pafte will not ferment or 
rife, nor Wine work, nor Fleth putrefy, nor 
Fruit corrupt, after the ufual manner, when placed 
im vacuo, 


a) See Exp VIL. 
b) See Exp: IX. 
e) See Exp. 1V, 
d) See Exp. VI. & X, 
e) See Exp. 1. & IV. See alfo 4x. 12. & 17. 
20. That 
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20. That as all kinds of Particles naturally 
float in the Air a), the Air may on this Account 
aét as an univerfal Menftruum, and in time dif- 
folve any Body expofed to its Action ; becaufe, in 
tract of Time, the Particles capable of diffolving 
it muft neceffarily come at it d), 

21. That many Arts may be affifted, or car- 
ried on to better Advantage in fome places than 
in others, by the means of certain Particles 
floating in the Air of one Place more than ano- 
ther. Thus ’tis faid that the Scarlet Dye is better 
ftruck at Leyden, than in other Places of Hol- 
land, where the Water and Atmofphere are not 
foimpregnated with the Effluvia, Exhalations, or 
fine Particles of the Dye ¢). 

23. Hence alfo we are directed to chufe pro- 
per Seats for Health, and Habitation, as well 
as for Operations and the Exercife of Arts 2), 


a) See Exp. 1. & alibi paffim. 

&) See Ax. Il. 

r) See Exp. 1. & alibi paffim: 

@) There are various Methods of trying the Wholefomenefs 
or Unwholefomenefs of Airs and Places; as by finding their 
Degree of Moifture feveral ways; by the Changes of Colour 
produced in white Linen, or ftained Paper, left out in the Air ; 
by expofing Copper-Plates to fhew the Colour of the Vitriol 
thereby made; and many other Expedients might be contriv’d 


for that Purpofe, [See Mr. Boy/e’s Natural Hiftory of the 
Air. | 


LEC- 


[ego | 


hE C TARE IW, 
CONTAINING 


The Solid or Earthy Matters of the Terrefrial 

_ Globe claffed, and examined, under (1.) 
Garden Earths; (2.) Bolar Earths; (3.) 
Saline Earths; (4.) Sulpbureous Earths ; 
(x.) Stony Earths ; and, (6.) Metallic 
Earths. 2 


rt. WHT E now come to enquire into the folid 7p, sup. 
or earthy Contents of the Globe ;jed. 

ore particularly into the Parts concerned in 

Vegetation. 

2. We thall begin with the Earth’s Surface, 

and defcend down gradually, fo far as Men have 

hitherto dug. 

3. The Earth’s Surface is generally found co- 7, ry,,, 
vered with Verdure, or a Vegetable Coat, and Coat of 
in fome Places with Sand, Duft, or Mud. ihe Earth, 

4. Under this fuperficial Coat there ufually 
lies a Bed of Mould, or Underturf-Earth, of 
different Depths, from one Foot to two, three, or 
more, in different Places, (1.) This Mould, or 
Underturf-Earth, is the proper Matrix of Vege- 
tables, and will come to be firft examined in 
Order. 
 g. We fhall next proceed tothe other Species The Species 
of Earths that lie below, viz. (2.) the Bolar ;o/2artés. 
(3.) the Saline ; (4.) the Sulphureous ;.(5.) the 
Stony ; and (6) the Metallic. For under thefe 
; | | 
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fix general Claffes, we apprehend, may all the 
earthy or folid Matters of the Globe be ranged. 

6, It will therefore be our Endeavour to give 
a general Example of the Method of treating 
every Species, fo as to difcover their Natures, 
Offices, and Ules. 


EXPERIMENT I. 


The farther Analyfs of Garden- Mould or Underturf- 
Earth by Water a). 


7. (1.) We took four Pounds of frefh, black 
and crumbly Garden-Mould, that was efteemed 
the beft fort, and had lain, fora Year. expofed to 
the Atmofphere, without being exhaufted in Ve- 
getation. 

(2.) This Mould we elixated in fair and frefh 
boiling Water, tll all that was capable of diffol- 
ving therein was got out or extracted by the 
Waiter, 

(3.) Having thus obtained a Lixivium or So- 
Jution of our Subject, we filtred it thro’ thick 
doubled Paper, in order to have it tranfparent, 
and at leaft free from any grofs terreftrial Parts, 
that might otherwife lodge therein. 

(4.) This Solution, therefore, contains all the 
Parts of the. Subject that are foluble in. boiling 
Water 3). 

(5.) To bring thefe Parts nearer together, that 
they might manifeft themielves to the Senfes, 
and particularly to the Tafte, we exhaled away 
the more aqueous Fluid in the Form of Vapour, 

(6.) Then comparing the concentrated Solu- 
tion, with a Portion of the former that re- 


a) See Lea. 1. Exp. I. 
b) See Le. I, Exp. I. 
mained 
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mained unevaporated, we found it tafte mani- 
feftly ftronger or more faline. 

(7.) To gain a fuller Information, we evapo- 
rated a Portion ftill higher, and fet it to cry- 
ftallize, if any Salt would thoot a). 
~  (8.) To a Part of the filtred Solution we ad- 
ded Syrup of Violets, &c. to difcover whe- 
ther the Solution was acid, alkaline, or neutral ; 
and found it rather the latter 4). 

(9.) We wathed the remaining. terreftrial 
Matter in feveral Waters, every time decanting 
the upper muddy Liquor, after a little ftanding, 
in order to procure the pure Sand contained in the 
Mould ; and found the Sand to be a large Pro- 
_ portion of the whole. 

8. This Experiment, or rather Combination 
of Experiments, fhews us a Method of relolving 
the matrix Earth of Vegetables into the confti- 
tuent Parts thereof, without altering their natural 
Form and Properties. Whence it fhould feem that 
a true Judgment might be formed of Moulds, 
both in general and particular, fo far as this Infor- 
mation reaches, and a Rule be obtained for their 
artificial Mixture or Compofition. Thus we find 
the Mould under Examination contains a certain 
Proportion of fine Earth, capable of being fuf- 
pended in Water; much more of a groffer hea- 
vier Part that readily finks in Water; perhaps a 
little neutral Salt; and a large Proportion of 
Sand. Hence if this Mould had come from the 
Iiland Ceylon, for inftance, having there. ferved for 
the Growth of Cinamon, we might be directed 
by this Analyfis to make or mix up'a Mould that 
fhould refemble it, with a View to produce Cinamon 


a) The Succefs was not carefully noted. 
b) See the Method of examining Mineral Waters, in the 
| following Lefure. 
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in England, But to make the Experiment fuccefs- 
ful, no lefs Regard muft be had to the State and 
Ingredients of the Atmofphere, than to the State 
and Ingredients of the Soil a). 

g. To render the prefent Experiment more in- 
ftructive and ufeful, for difcovering the Prin- 
ciple of Vegetation, and the Nature of Earths 
and Plants, if were proper to compare it with a 
fimilar Analyfis of certain vegetable Subje@s. 
Thus by bruifing a tender Plant, elixating all 
its foluble Parts with warm Water, exhaling the 
fuperfluous Moifture, and fetting the Remainder 
to cryftallize, we obtain the native faline part 
of the Plant, in the form of a folid Salt, which 
appears either of the tartareous or nitrous kind, 
according to the Nature of the Plant 2). 

10. Tho’ any alkaline Plant, as Creffes, were 
watered in its Growth with a Solution of Nitre, 
which upon Diftillation affords much acid Spirit, 
the Plant would ftill prove alkaline: and the fame 
holds of every Plant and Salt hitherto tried c), 
Whence there appears to be in Plants a Power 
of changing any other Salt into their own. And 
hence we find, upon Experience, that Compofts 
abounding in Sea-Salt, Nitre, or urinous Salts, 
all agree to promote Vegetation, 

11. But as there may be certain more fixed 
Parts naturally contained in Mould, than will 
diffolve in bailing Water; and as thefe Parts 
may poffibly be loofened, digefted, and rendered 
capable of afcending into Vegetables, by the 


a) See Led. IIT. , 

6) See M. Homberg cn the Nature. of Vegetable Salts. 
Memoir, de? Acad. An. 1699. 

¢) I could with the Experiment were tried with Sagar, Alum, 
Pot-Afh, €%c. both in Alkaline and acid Vegetables, But 
Care fhould be taken not to ufe too much of the Salts, which 
in that Cafe would deftroy the Nature of the Mould. 


long- 
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long-continued Action of the Sun and Atmo- 
{phere ; it may be proper to try a more powerful 

Analyfis of the fame Subject. 


Experiment II, 
The Analyfis of GardenMould by Fire, 


12. Having weighed two Pounds of the fame By Fire. 
_kind of Virgin-Mould as was ufed in the prece- 
ding Experiment, we put it into an earthen 
Retort, and committed it to a naked Fire, 
working by flow Degrees of Heat into a Glaf- 
Receiver ; and at laft keeping the Retort ignited for 
fome time. There came over (1.) a Water ; (2.) 
an Oil; and (3.) a volatile Spiric almoft like 
Spirit of Hartfhorn, or as if the Subjeét had been 
animal * ; and (4.) there remained behind a dry 
Caput mortuum, or apparently fixed and inert Earth. 

13. We elixated Part of the Caput mortuum, 
and then dried it; by Triture we reduced ano- 
ther Part into one fimilar, homogeneous Pow- 
der ; witha defign to put each Parcel into a {e- 
parate Pot, and expofe them to the open Air, 
for a Year, to try whether they would then prove 
fertile. | 

14. It appears by this Experiment, that our 
Garden-Mould was of a Vegetable or Animal 
Nature, in refpect of the Salts or Juices it con- 
tained ; and only Mineral, with regard to its fixed 
Matter, In both which refpeéts it greatly refem- 
bles the natural Compofition of Animals and 
Vegetables. And hence we fee the phyfical 
Reafon, why animal and vegetable Subftances 


* TES dhe fuppofed, that the Compoft, which might have 
been ufed to this Mould, was not fufficiently rotted or chan- 
ged, fo as ftill to retain its own vegetable or animal Na- 
ture ; let the Experiment be repeated with Earth, which has 
been known to have lain feveral Years fallow. 
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are proper Compofts for Land. If we were to 
enquire how Mould comes to be of this Nature, 
it might in good Meafure appear from our’ for- 
mer Doétrine of the natural Contents of the At- 
mofphere ; which being animal and vegetable, 
as well as mineral, continually fall upon the Sur- 
face of the Earth. And hence Gardeners find a 
manifeft Difference between the Soil of London and 
that of open Country Places, on Account of the 
Quantity of Smoke daily precipitated out of the 
Air upon the Gardens of Lonzdon. And the like 
is to be underftood of other Cities and Countries — 
refpectively. 3 

15. By comparing the prefent Procefs with 
the fame performed upon a vegetable, an ani- 
mal, and a mineral Subftance ; it appears that 
one fimple fixed Earth is the Bafis of all animal, 
vegetable, mineral, and earthy Matters ; or | 
the true Sfamex, Support, and Skeleton of Fleth, 
Bone, Wood, Metals, and Earths, &c, being 
in itfelf of a fixed unalterable Nature. 

16. We next proceed to Bolar Earths, which 
feem divifible into two Species, according as they 
are more or lefs tenacious; in which view Loam 
and Clay may reprefent them all. And even 
thefe two feem only to differ in refpect of the 
Finenefs or Coarfenefs of their component Parts, 
which renders them more or lefs tenacious, cling- 
ing, or adhefive. 


EXPERIMENT III. 
That Finene/s of Parts in Earths may give Cobefion, 
Strength, and Solidity, 


17. (1.) We mixed common Loam into a 
Mafs with Water, and then dry’d it; to thew 
that, compared with Clay, it would eafily break, 
crumble, and fall into Powder. But (2.) beating 

fome 
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fome Loam fine in a Mortar, and mixing it well 
with Water, it clung like Clay; and when dry’d, 
adhered much more tenacioufly than before. | 

18. This Experiment not only fhews that Pitas 
Loam and Clay, or allithe Bolar Earths, are pence im- 
nearly the fame thing, when their component proveable. 
Parts, or gravelly and fandy Matters, are redu-. 
ced to the fame Degree of Finenefs ; but alfo fup- 
plies us with a Rule for the Improvement of Pot- 
tery, and the Imitation of Chima Ware. This 
Rule is to grind, or beat, the Earths employed, to 
an extreme Degree of Finenefs: and accordingly 
Porcellane has been imitated in Europe, by To- 
bacco Pipe Clay and other Earths exceedingly 
fine ground, mixed into a Pafte with Water, and 
properly dried or baked. Lae ep 

19. (he fame Experiment may likewife in- Farther 
form us how Rocks are often produced, of diffe- Uf the 
rent Degrees of Hardnefs, according to the diffe- ea 
rent Finenefs of the terreftrial Particles depofited 
upon any Eminence, or Declivity, as wafhed 
down by the Waters. 

20. We recommend it to future Examination 
how far this mechanical Tenuity of Parts may 
reach, in caufing Strength and Hardnefs in Bodies: 
and whether thofe two Properties are not diffe- 
rent in Glafs, Cryftal, Diamonds, &¥¢. on Ac- 
count of the different Finenefs of their Parts. *. 

21. Under this Tribe of Bolar Earths we rank Bolar 
all the hungry Garden-Earths, al! the fandy er ths 
Field-Earths, all the Clay or Marly Earths, and ™ i 
all the Mixtures thereof 

22. We next proceed to Saline Earths ; by Saline 
which are meant all thofe wherein any Quantity of Zartés. 
pes Alkaline, or Neutral Sale is evidently con- 
tained. | | 


* See Mr. Boyle on Gems. 


F teri 


66 LecrureE THE FourtTu. 


23. If ftrict Examination were made, perhaps 
no Earth would be found without fome Propor- 
tion of Salt; which has pretty generally been 
thought: the Principle that holds all Earths to- 
gether. «And there appears fome Reafon for the 
Opinion, as we endeavoured to fhew by the fol- 
lowing: Experiment. : 


EXPERIMENT IV. 


That 4, Saline Matter may give Tenacity and Firmne/s 
to Earth. 


Quick 24. (1.) We flaked Quick-lime with @ fuffi- 
lime depri- cient Quantity of Water to bring it into a Kind 
ads its of Pafte; (2.) Then fuffered the fuperfluous Moi- 
se fture to exhale gradually: Upon which, (3.) the 
Lime acquired a ftony Hardnefs. (4.) Wenext 
poured a much larger Quantity of Water upon: 
another Parcel of Quick lime, than fufficed to: 

make it into a Pafte; then decanted the Water, 

which tafted’ manifeftly faline. (5.) We after- 

wards elixated the remaining Matter with feveral’ 
Parcels of frefh Water, to get out all the Salt of 

the Lime; (6.) And now drying the Calx thus 
deprived of its Salt, we found it would not hold 

firmly together, but remained quite crumbly or: 

duffy, 

Ules of thm <b 2b This Experiment fhews us the Nature and’ 
Exteri-. Compofition of Lime, which, mixed with Sand, 
ment. makes the common Mortar ufed in Building. 
We fee it is the Alkaline Salt contained in the 

Lime, and either extricated or produced in: cal- 

cining the Lime-ftone, that occafions the Mortar — 

to concrete and harden, And where the Salt: is 

in its full Proportion, the Lime is ftrongett; and 

the Mortar hardeft and moft durable. ‘This {a- 

line Principle in Lime is alfo that which gives. it 

the Advantage over Chalk, as a Compoft for 

. Grounds, 
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Grounds exhaufted or drained of their natural 
Salt in Vegetation. For the Alkaline Salt of the 
Lime, by ftrongly attracting the Moifture of the 
Atmofphere, and other Particles that float there- 
in, f{wells, dilates, erumbles, and opens the 
Earth with which it is mixed; whence the At- 
mofphere has the freer Action thereon, and in the 
mean Time the Alkaline Salt of the Lime becomes 
of a neutral, or nitrous fertilizing Nature. 

26. Under the general Head of Saline Earths 24¢ Clo/ 
may ‘be reckoned all thofe that are. ‘calcined or % Saline 
burnt in the Fire; as all the Kinds of. Lime, Pot- pone 
afh, Salt of Tartar, Soot, €?c. thefe being, but 
Mixtures of Sale and Earth : and to., fay the 
Truth, all Salts. appear upon a rigorous Exami- 
Nation to be no other than Earths of different. Na- 
tures; which, when reduced to a certain | Degree 
of Subtility or Finenefs of Parts, fo ‘ as perma- 
nently to diffolve in Water, are then’ -emphati- 
cally denominated Salts... 

27. The following Eiqeatiiede regards the Sul- Sulpbun 
phureous Earths, under which we reckon all thofe reous 
that will: flame in the Fire; as Coal, ‘Bitumien, Earth. 
Sulphur, certain crude Ores, Marcafites, &e? | 

28. By Marcafites we underftand all thofe Miz Nien fies 
neral, Earthy and Sulphureous- Matters, that are avpar. 
otherwife called Pyrites, Fire. Stones, Biafs. lumps, 
Mundicks,; or the like. For tho’ thefe may be 
diftinguifhed in refpect of lefler Differences, yet 
in general they are all a Compofition of Sulphur, 
un-inflammable. Earth, and a {mall miepoRion vi 
of eres, 


: a . F 2 ExprRi- 
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EXPERIMENT V. 


The Analyfis of fulpbureous Earths by an Example 
in Munaick. 


Mundick 29. We took half a Pound of Mundick re- 

ana y/ed. duced to fine Powder, and put it into an earthen 

i Retort, which being placed in a naked Fire, we 
fitted on a capacious Glafs-Receiver, and luteing 
the Juncture well with a Mixture of Loam and 
Horfe dung, we gave Degrees of Fire up to the 
ftrongeft; then letting all cool and taking off, 
we found a {mall Preportion of an acid Liquor, 
exactly like the Spirit of Sulphur, made by the 
Bell, at the Bottom of the Receiver, and a con- 
fiderable Quantity of Flowers of Sulphur fublim- 
ed tothe Top. 


_ 30. The Caput mortuum being taken out, and 
flux’d with half its Weight of clean Iron Filings, 
afforded a little Lump of a Metallic Subftance, 
or Regulus. 
Ufes.of the 31. Hence we fee that Marcafites chiefly re- 
Experi-  folve into Sulphur, anda more fixed earthy Part, 
™"s which being treated as an Ore yields a Pro- 
portion of Metal. And hence perhaps all the | 
Pyrites,;-Brafs-Lumps, Marcafites and Mundicks 
are but cruder Kinds of Ore, and if they could | 
be brought to full Maturity, would prove real 
Ores. 


Marcafites 32, Thefe Marcafites, upon long lying in the 

fring. open Air, attract the Moifture thereof, thence 
erow hot, in fome Meafure diffolve, form an 
E\florefcence on their Surface, and by Degrees 
turn into a Vitriol, of the fame Kind with the 
Metal they contain ‘Thus if that Metal were 
Iron, the Vitriol becomes green or martial; if 
Copper, blue or cupreous. And on this is 
. founded 
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founded the Artificial Method of making Vitriol, 
now practifed in feveral Parts of England. 


33. And from the heating, fuming, and firing Weace 
of thefe Sulphureous Earths, by the Moifture of He Baths, 
the Air, we may perhaps learn the Origin of Hot 749 hire, 
Baths, Mineral Waters, Damps and Fires in in Mines, 
Mines. For it is found, that a Pile of thefe Sul- &c. 
phureous Earths, being barely moiftened, will 
at firft {moke, and at length take Fire, and burn 
dike, glowing Coals 2). — ante 


- 34. Our prefent Experiment likewife fhews us How exa- 
a Way of examining thefe Marcafites, and of ex- mined for 
tracting the Metal they may hold, after having firft ' . a - 
feparated their Sulphur. Many fkilful Metallifts ~~ 
have been impofed upon by the fpecious Shew of 

thefe Marcafites; for they ufually have a great 
{pecific Gravity, and fome of them a greater than 

real Ores: whence again they may poffibly con- 

tain the Matter of Metals, tho’ in a crude, im- 
perfect, or unfixed State. But to bring this Mat- 

ter to the Teft, and totry the Validity thereof, re-. 

quires more than a common Knowledge in Me- 


tallurgy 2). | 
Our next Species of Earths is the Stony. Barvhe, 


ExrperRIMeEn’T VI... 


That Ignition may deftray the Tenacity or Cobefion of 
Stony Earths, foewn in Alabafter. 


35. (1.) We reduced two Pounds of Alabafter Avbafter 
to fine Powder ; then put it into a flat Iron Pan, cekén'd. 
a) See Dr. Power's Experiments, page 63. 
_ 6) A {mall Proportion of Silver has been obtained from cer- 


tain Kinds of Mundick, after the Mundick had been fluxed 
with lron Filings, and brought to a Regulus. ; 
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and apply’d a foft Heat, that the Matter might: 
not glow, yet remain too hot to be touch’d. The: 
Powder was thus brought to flow or run like: 
- Quickfilver, and being gently ftirred, to boil and 
bubble. We let it. continue thus, with a foft: 
Pfeat, till it would run off a Spatula held almoft: 
horizontal; then removing it from the Fire, it. 
ps cold, and was put into a Glafs, kept clofe 
_ ftopped and fet in a dry Place, under the Name 
of Gypfam, or caicin’d Alabafter. | 
(2.) A Parcel of the Gyp/um thus prepared 
being brought into a pappy Confiftence with Wa-. 
ter, the humid Mafs became fo hard and rigid, 
in a Quarter of an Hour, as to ring, ot afford a 
clear Sound, when {truck with the Finger, or any 
more {olid Inftrument. | 
(3-) But a Parcel of the fame Powder being — 
kept in a State of Ignition for fome time, before 
it was taken out of the calcining Pan, and then 
mixed with Water, acquired only a loofe, friable 
Confiftérice, or a much lefs Degree of Hardnefs 
and Tenacity than the other. The unh-ignited 
Sort alfo, by being kept in the open Air, lofeg 
of its coagulating Virtue ; and when once confo- 
lidated with Water, becomes unfit for the like » 
Purpofe again. 
Ufes of the 36. Vhus all the Stony Earths that do not vi- | 
Experi-  trify in the Fire, are by Ignition reduced to fine 
m2" Powder. So may Flints themfelves, by being | 
often ignited and quenched in Water. And thus 
white Marble or Cryftal is reduced to a Powder, 
fit for the making of pure white Glafs. 


37- This Experiment alfo thews us an earthy 
Matter, apparently fluid over the Fire, that 
will harden in Water, and ferves to direct a far- 
ther Enquiry after cheap Bodies, that will grow 
ftill harder uadeg Water; which might be of 

Service 
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Service in Bridge-works, Water-works, and the 
like @). , | 

38. The prefent Ufe of the Preparation is fuf- 
ficiently known, for taking off Faces, Impref- 
fions and Figures, and the ftopping of leaky 
Pipes, or Veffels that tranfmit or contain Water. 
39. The fixth Clafs is that of Metallic Earths: Metallic 
For there are fome Reafons to judge, that even eee: 
Metals themfelves are but’a Species of Earths 4), 
as they both burn ‘into Afhes, and melt into 
—'Giafs whilft their metallic duétile Form feems 
owing to nothing more than a certain Pro- 
portion of Sulphur or Oil contained in them; 
which being burnt out, leaves them terreftrial 
Calces, or certain Metallic Earths, of a nature 
peculiar to each Metal -). | 

40. And thus we may divide Earths into two Earths re- 
general Tribes, viz. the Brittle or Friable, and the @#<ed to 
‘Duitile or ‘Malleable. We have gone thro’ the 2" 
Friable Species ; and fhall profecute the Ductile - 
hereafter, in our Leétures upon Mineralogy and 
| Metallurgy. : 


Axioms and CANONS. 


1. We learn from the foregoing Enquiries, that 
the Atmofphere, with its Contents, is a chief In- 
ftrument in promoting the Fertilization of the 
Earth, whereby all Vegetables, and thence all 
Animals are fed, fapported and maintained d) ; 
that this Mould may in fome Meafure be fup- 


a) See Mr. Boyle's Philofophical Works, Abridg. Vol. I. 
P2g- 330, 331. 3 | 

b) See Becher’s Phyfica fubterranea paflim. 

c) See Stabi’s Comment. on Becher’s Phyfca fubterranea ; 
és alibi paffim. rf 

d) See Le4.I1.paffim. See alfo the prefent Lea. Exp, 1. I. 
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plied by the Air, at different times), and after- 
wards by lying immediately under the Turf, re- 
ceive whatever Richnefs or fine Matter defcends 
from above, in the Form of Dews, Rains, Snow, 
Hail, or other more fubtile Conveyance ; and that 
this invigorating Subftance foaking thro’ the 
upper Turf, may be thereby defended from the 
Winds and beating Sun, as by a Skreen, from be- 
ing exhaled too foon again. And thus the At- 
mofphere exercifes a Kind of renovating Power, 
fo as to fupply even exhaufted’ Earths with freth 
Vigour, and fit them for the Produétion of new 
Crops 4). Whence we havea good Rule for re- 
novating and recruiting fhrunk, withered, and ex- 
haufted Vegetables, by expofing them to a kindly 
Atmofphere, rather than by barely watering 
them; which might only ferve to corrupt and 
{poil them the fooner. 

2. That fome capital Rules may be formed 
for the Improvement of Agriculture, Horticul- 
ture, and the raifing and improving of Fruit and 
Foreft Trees, by finding the Nature, Compo- 
fition, and Ingredients of the Soil wherein each 
Kind of Grain, Plant and Tree, is moft de- 
lighted c.) 7 

3. That it is poffible, by rational Experiments, 
to find the beft Kinds of Steepings for Grain and 
Seed, and the beft Kinds of Compofts and Ma- 
nure for Land according to the Nature or pre- 
fent Exigence of the Soil, or the Fruit intended 
to be produced 5 or any one particular Salt, Oil, 
or Property to be introduced, either into the 
Ground or Séed ¢). 


a) See Led. SII. 
b) See Le III. and the prefent, under Exp. I, & II. 
c) See Exp. I & II. 


4. That 
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+ 4. That Water, as well as. Fire, may be an _ 


ufetul Chemical Analyfer in fome Cafes a). 

5. Thatall vegetable and animal Subftances, 
Excrements, &¢. naturally change and become 
_ Compoft, and at length Mould; whence there 
is a continual Reciprocation between the animal 
and vegetable Kingdoms, which thus conti- 
nually pafs into one another, by the Mediation 
of the Atmofphere, Heat, and other natural 
Agents 0). 

6. That Compofts, before they can produce 
their Effect, muft in fome Degree approach the 
Nature of the Soil they are defign’d to im- 
prove c). 

7. That by Earths are underftood fuch grofs 
Subftances as are of themfelves infoluble in Water, 
and indeftructible in the Fire, yet with fixed Al- 
kaly melt into Glafs, or with any unctuous 
Matter affume the Form of a Metal, according 
to their refpective Natures d); and confequently, 
that even Earths, tho’ apparently exhautted fimple 
Bodies, have yet their refpective or peculiar Pro- 
perties and Effects e). 


8. That the moft fixed Part of Earth has ma- 
ny Inftrumental Efficacies, not only as floating 
in the Air, and.as forming the Bed or Matrix of 
Vegetables ; but alfo in conftituting the folid 
Parts or Stamina of all vegetable, animal, and 
mineral Subftances f), and affording us all our 
Veffels of Giafs, Stone, Wood, Metal, our Fur- 
naces, Crucibles and Tefts, and being perhaps 


a) See Exp 1 ) 
6) See Lec? III. & Exp. 1. II. of the prefens. 
c) See Bxp. I & IT. 
d) See all the Experiments. 
—@) See above, § 5, 26, 38. 
Sf) See Exp. 1. IL. &e. 
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in itfelf the moft fixed and unchangeable Body in 
Nature. a). | 

.g. That a high Degree of Trituration, or re- 
ducing the Particles of certain Bolar Earths, 
Clays, and ftony Earths to an extreme Finenefs, 
may contribute to the Improvement of the Art 
of Pottery. For which Purpofe, Trituration, 
Sifting, Subfidence in Water, and Decantation, 
might be ufed to advantage 4). 

1o. That the making of Lime may be im- 
proved for the Purpofes of Building, Manure, 
and Water-Works, by a due Choice of the Ma- 
terials, and a fuitable Calcination ¢). 

11. That fome confiderable Ufe and Improve- 
ment might, with proper Skill and Application, 
be made in the Bufinefs of Marcafites and Mun- 
dicks; Bodies ufually efteemed as Refufe, and 
intractable Stuff 2). 

12. That Marcafites, by attractrng the Moi- 
fture of the Air, may be the efficient Caufe of fub- 
terraneous Fires, hot Springs, Damps in Mines, 
Mineral Waters, 9c. d). ) 

15. That the Matter of Metals may poffibly 
lie loofe, immature, or unconcocted in certain 
Mineral Matters, fo as in the Fire to fly away 
with the Sulphur, or other Parts of the Mineral ; 
unlefs detained, and brought to greater Perfec- 
tion either by Nature or Art 4). 

14, That Fire may have the fame Effect as 
Air or Time, on certain ftony Matters, and 
make them loofe, crumbly, and incoherent e). 


a) See § 15. 

6) See Exp. III. 

c) See Exp. IV. $25. Exp. V1. § 36. 
d) Exp. V. | 

a) Exp. V. &§ 35. 


L E C- 


i RO DURE ¥, 
CONTAINING 


a Ne atural: and Chemcal Examination of 
Waters. 


loa UR prefent Bufinefs is the Chemical 2 sub- 
Examination of Waters; with a view je@. 
to manifeft their Natures, their Ufes to 
Pera th. and all vegetable, animal, and mine- 
ral Subftances ; but particularly to Man, fo far 
as we can difcover them. 
2° By the general Name of Water we under- Water de- 
ftand an extremely fluid, limpid, infipid, and /d. 
inodorous Liquor. This Definition is obvious, 
and taken from the direct Teftimony of the 
Senfes; but by enquiring philofophically into the 
Nature of Water, we fhall find it poffeffed of 
many unexpected Properties. 


EXPERIMENT I. 


That Water is contained in many folid and, to ap- 
~ pearance, dry Bodies. 


3. We took a Piece of the hardeft and dryett Found in 
Bone we could procure, and diftilling it in an 47y Bones. 
Earthen Retort with Degrees of Fire, obtained 
a very large Proportion of Water, along with 
much Oil, and volatile Salt 


* See this Experiment farther profecuted in Led, VIII, 


pa i. 
4. This 
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4. This Experiment holds true even of the 
oldeft Hartfhorn, the dryeft and hardeft Woods, 
' Earths, and pulverized Stones. Whence it ap- 
pears, that Water may lie concealed in folid Bo- 
dies, and make a con{tituent Part thereof; as we 
formerly fhew’d of Air az). For we do not here 
mean that Water infinuates itfelf into the fuper- 
ficial Pores of Bodies, as Wood, Skins, Leather, 
Parchment, Strings, &%c. fo as to fwell them in 
moift Weather, and leave them fhrunk in dry ; 
but that it remains permanently intermixed as 
an effential Ingredient, or Part» of folid Bo- 
dies, as in Stone, or Brick after baking, é&c. 
Of this we gave an eminent Inftance in our laft 
Lecture @), where we fhew’d that Gyp/um, with 
Water, prefently concreted to a ftony Hardnefs. 

5. If any doubt fhould arife, whether the Li- 
quor obtained from the Bone in our Experiment 
be truly aqueous, we might fhew it to Satisfaction, 
by feparating the Oil, and turning all the volatile 
Salt contained therein to Sal-Ammoniac, by 
Means of a fufficient Quantity of Spirit of Sea- 
Salt; then rectifying the Liquor by repeated Di- 
ftillation, and bringing it over in Form of a pel- 
lucid, infipid, and inodorous Fluid c). | 


0, .06 


a) Led. Wl. Exp..X. 

b) Exp. VI. 

c) To purify this Liquor abfolutely, is a very laborious Tafk; 
but as fome of the firft Drops come over limpid, and almoft 
infipid, berore the Oil and Salt begin to rife, this may af- 
ford a ftrong Sufpicion that the fucceeding Drops are alfo 
aqueous, only mix’d with Oil and volatile Salt. For tho’ the 
Bone were ever fo thoroughly dried by the Fire, and the 
Vetlels employ’d ever fo free from Moitture, a large Propor- 
tion of the aqueous Liquor would {till be obtained, Befides, 
the foul and fetid Liquor has been fo far cleared from the 
volatile Salt and Oil, as to appear limpid, and prove infipid, 

and 
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6. It is therefore certain, that all Vegetables, 
and even the moft folid Parts of Animals, natu- 
rally contain a large Proportion of aqueous Fluid, 
or actual Water, in their Compofition; and that 
it remains in them unaltered ih its own Nature, 
fo as, when fet free, to refume the Form of Wa- 
ter, after having been detained, or circulated 
therein for numbers of Years. Whence it fhould 
feem, that Water paffes thro’ all Natural Bodies, 
unchanged either by Accretion, Growth, Appo- 
fition, Fermentation, | Putrefaction, Digettion, 
Diftillation, “%c, being chemically recoverable 
again from Vegetables and Animals, Wines, 
Vinegars, and Spirits. f Poy! 


EXPERIMENT II. 


That Water may be colletted from the aryeft Air; 
or in the botteft Climate, 


7. (1.) We put half a Pint of common Water Je the dry. 
into a cylindrical Glafs, wiped perfectly dry on ef 4:r. 
the Outfide; then added to the Water, two 
Ounces and three Quarters of pulverized and dry 
Sal-Ammoniac. We now ftirr’d them brifkly to- 
gether ; whereupon the Water floating in the ex- 
ternal Air was, by the Coldnefs thus produced 
as the Salt diffolved within, condenfed on the 
Outfide of the Glafs, and trickled down in fmall 
Veins into the fhallow Bafon fet underneath to 
receive it. 


and inodorous. And as it approached nearer to common 
Water, after every ReGtification, there is no doubt but, if.a 
fufficient Quantity were procured, it might by Degrees be 
brought exaéily to refemble common Water, diftilled and 
treatel in the fame Manner. But the eafieft Way is to im- 
pregnate common Water with the Oil and Salt of the Bone ; 
foas to make it refemble the Mixture that comes from the 
Bone into the Receiver upon Diftillation. See more to this 


Purpofe in Lec, VIII, Exp. 1. § 14. 
8. This 
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1. This Experiment holds in all Climates and 
Places, of whatever Heights, where it has been 
tried. Whence, by the Law of Indu@tion, we 
may make it univerfal, till any contradictory In- 
{tance appears. ‘Thus therefore it may hold: in 
the moft parched Countries and hotteft Seafons, 
fo as to afford an agreeable Method of cooling 
potable Liquors, and rendering them more refrefh* 
ing. For if the Glafs containing the Salt and 
Water be fet in any Liquor, the Liquor will be- 
come cooler as the Salt diflolves. And if any 
confiderable Improvement could be made in the 
Contrivance, it might ferve in fome Meafure to 
fupply the thirfty Traveller in parched Defarts, 
and Sailors with frefh Water at Sea: nay, it has 
been a Practice among the latter to hang out 
Fleeces of Wool on the Sides of the Ship over 
Night, and to fqueeze frefh Water out of them 
in the Morning. 

g. The fame Experiment, being carried higher, 
affords us a Method of procuring a Degree of 
freezing Cold, in the hotteft Countries, at all 
Seafons of the Year. For if a Quantity of dry 


-and pulverized Sal-Ammoniac be feparately in- 


cluded in one well-clofed Glafs, and a proper 
Quantity of common Water in another, and _if 
both thefe Glaffes be put into the firft Solution, 
whilft the Salt is diflolving, both the confined 
Salt and Water will foon acquire the fame De- 
gree of Coldnefs as the firft Solution; and being 
then taken out, and mixed together, they will 
form a fecond Solution much colder than the 
firft. And thus by repeating the Experiment 
twice or thrice, with frefh Salt and Water, a 
Deeree of freezing Cold may be foon obtained 
in the hotteft Climate. 


E.XPERI- 
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EXPERIMENT Til. 


Bat an Earthy Subjtance is naturally contained in 
W ater. 


10. (1 ) We filled three feveral Glaffes with PUTO’ p74, 
Rain Water, Spring-Water, and Thames-Water, contains 
and let them ftand clofe covered for fome Days £arzé. 
before they were exhibited : there was an earthy 
Sediment then depofited in all three, but moft in. 
the Thames-Water, the Sediment whereof was 
not only larger, but: alfo more: foul and muddy 
than in the Rain-Water.; tho’ here alfo it was 
dirty, perhaps: becaufe not carefully collected : 
whereas in the Pump- Water, ‘it was white, fealy, 
flaky, and: fhining, like fine Spangles of ‘Talc. 

rr. This Experiment alfo is univerfal, fo far 
as. it has been tried with Care, and holds true of: 
the Waters~ of all Species, and: alb Countries; 
particularly in thofe called Mineral Waters, from 
which an earthy Subftance may.ufually be preci- 
pitated by Art, in a confiderable Proportion: 
For Example, by the bare Addision of) Salt: of 
‘Fartar. 

12, Certain Sesbeabarink ciivefully made, and 
repeated, fhew that the terreftrial Matter natu- 
rally contained in Water, has a principal Share 
in the Growth and Increafe of Vegetables; all 

the Plants that thrive in Water, appearing to.en- 
large their Bulk in Proportion to: the earthy 
-Marter furnifhed by the Water: Whence pure: 
Elementary Water feems but a Kind of Ve-. 
hicle to convey: this pages mit or fubftantial 
« Part, and depofite ivin the Vefféls.through which 
the: Water moves, in ot neti to its general: Exitiat 
the Surface of Vegetables *. » Yeu we are not here 


ie Soe Dr: Woodevand’s: Experiments ta this Purpefe,. ini the: 
Philgfophicad, Tranf actions, 


80 LECTURE THE FIFTH. 


to exclude the Inftrumental. Efficacy of the two 

other Elements, Fire and Air. Now. this appear- 

Office and ing to be the general Office of Water, in the whole 

Ue ofWa- Vegetable and Animal Kingdoms, viz. the Con- 

al veyance or Diftribution of the alimentary Matter 

to all their Parts, it may be proper to confider 

its Phyfical Properties, which wonderfully fit it 
for this Office. 

13. [The Figure of its component Parts ap- 

“pears to be fmooth and fpherical, like thofe of 
Quickfilver, whence it becomes extremely move- 
able and penetrating. Thus it readily enters the 
Pores of Wood, Leather, Skins, Chords, Mufical 
Strings, &&c. and thus it likewife becomes ca- 
pable of moving and agitating Particles of Mat- 
ter lefs active than itfelf, and fo proves the more 
immediate Phyfical Agent of Fermentation, Pu- 
trefaction, Solution, &@ce. And thus it alfo con- 
veys earthy and faline Matters thro’ our Filtres of 
Paper, Stone, &c. and even raifes fome Propor- 
tion of them in Diftillations. 

14. Its Particles likewife appear to be ex- 
tremely minute, and fo to have a large Share of 
Surface. Hence Water is admirably fitted for a 
Solvent, or for readily entring the Pores of Salts, 
and coming into full Conta¢t with all their Par- 
ticles. And thus it will pafs, where Air cannot, 
on Account of its Moifture, or lubricating 
Power, whereby it foftens mucilaginous Matters, 
and will therefore foak thro’ the clofe Pores of a 
Bladder. And being thus qualified, it feems ex- 
tremely well fitted to enter or flide thro’ the fine 
Canals and Vefiels of Plants; fo as to convey 
nutritious, faline, or earthy rarticles along with 
itfelf ; and having depofited them by the Way, 
and being now robbed of all that is ufeful to the 
Individuals, it at length perfpires into the open 
Atmofphere, in order to be there recruited and 

fitted 
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fitted for frefh Service. And the fame kind of 
Office it performs in Animal Bodies. | 
__15. Hence we may learn the phyfical Reafon That of Ri- 
why River-water ig more fertilizing than Rain, vers why 
viz. becaufe it contains more earthy Matter , Be ee 
and why fuch Meadow and Patture Lands, as “~’”S 
lie commodious to be overflowed by muddy 
Rivers, yield greater Crops. than fuch as are 
watered by other Means. Hence the incredible 
Fertility of Egypt appears to proceed from the 
turbid Overflowing of the Nile, and the fame js 
to be underftood, in fome Degree, of other Rivers, 
as the Ganges, the Thames, &c a). 


ExpeRIMENT IV. 


That Water faturated with one Body will fil) di 
jfolvé another, — 


. 16. (1.) We took four Ounces of pure cold The diff. 
Rain-water, and diffolved therein as much dry wing 
common Salt, reduced to Powder, as it would Power of 
take up. The Salt uféd being Part of a known “ater. 
Quantity, we weighed the Remainder, to find 
pscily how much had been employ’d, and 

ound it about an Ounce; which therefore gave 
the Meafure of the Power that the Water had to 
diffolve common Salt; with the Degree of Heat 
then prefent in the Atmofphere. To this fatu- 
rated Solution of Sea-Salt we added about two 
Scruples of dry pulverized Nitre, and found 
that it diffolved therein, tho’ no more common 
Salt could be taken up by the Water. 

17. This Experiment is only particular; for 
the diffolving Power of Water is different on 


a) See Bayle’s Abridgment. Vol. I. pag. 248. €Sc. and 
Lowthorp’s Abridgment of the Philofophical Tranfa€tions, 
Vol, II. pag. 725. &'c. 
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different Subjects a), Whence a Set of Experi- 


ments fhould be made, to fhew this Power on 
all the Salts, and other Subjects, whether mu- 
cilaginous, gummy, earthy or others, that are 
capable of diffolving in Water. Such a Set of 
Experiments might prove of confiderable Ufe in 
phyfical and chemical Enquiries, and help to 
rectify the Mind, which is extremely apt to 
form general Rules from a few particular In- 
ftances.. Whence Water has often paffed for a 
Kind of univerfal Solvent; tho’ there are nume-. 
rous Bodies which it will not diffolve 6). And. 
from this erroneous Notion of a general. diffolv- 
ing Power in Water, the Enquiry into Mineral 


“Waters has been in-great Meafure either ftop- 


ped, or perverted c). | 

18. The limited Power which Water has, of’ 
diffolving common Salt, appears remarkably in. 
the Ocean; which we fee, by our Experiment, , 
may naturally contain about one fourth Part of” 


—fuch Salt; or, with an additional Heat, confide-- 


rably more; tho’ its Charge is always limited by” 
the Nature of the Thing, and cannot be.above: 
one certain Proportion. This, however; isi 
found to differ in different Seas, or Bays; the: 
Water of fome being found to yield more ‘Salt: 
than others, according to the greater Heat. or’ 
Exhalation of Vapor in thofe Seas or Bays ; or’ 
again, perhaps, according to the Opportunity 
which the Water has had of running upon a more> 
faline Bottom &c. , 

19. But when Water has diffolved its full! 
Proportion of common Salt, we fee, by the: 


- a) As will appear hereafter. Le. VI. Exp. I. 

b) As Stones, Metals, Glafs, Gems, Amber, Shells, Coral, , 
Sponge, Cloth, ec. See hereafter Led. V1. §. 15. 

c) See the Appendix to New Experiments and Ob/ervations ¢ 
upon Mineral Waters, lately publifhed. 


Experl-- 
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Experiment, that it may {till diffolve fome 
Quantity of another Salt. And ‘how far this 
Power may extend, asto the Matters at the fame 
time diffolvable in Water, has not been hitherto 
fufficiently afcertained'a).  * 

_ 20. Nor is the Method, wherein different 
Salts range themfelves in ate famé Water, pre- 
cifely determined. That they do not Intermix, 
fo as inextricably to entangle and con‘ound their 
‘Particles’ among one another, appears from 
‘Cryftallization. © For if feveral diirerent Salts 
be diffolved together in the fame Varcel of Wa- 
ter, they may be made to fhoot feparately out of 
it again, by repeated Evaporation and Cryftal- 
lization, each in its own natural Form and_ Fi- 
gure, or pure and unmixed with the reft. ‘But 
‘the Power of Water as a Solvent will again come 
to be confidered in our next Leéture upors Men- 
Sirauns b). 


Aro | 


EXPERIMENT bee 


f he natural Ingredients or different eles Parts 
of Water. 


21..(1.) We took a Pint of the pureft Rain Ti Con. 
_ Water, decanted from its natural Sediment, and tenis of 

put it into a bellied Glafs, with a long flender 4#r- 
‘Stem; then marked the Part of thé Stem. to 
Fechich the Water rofe, and fet it in the exhauft- 
sed Receiver, where we found it manifeitly ex- 
“panded, and difcharged many Bubbles of Air. 
(2.) We put the fame Water into a clean Glafs 
Retort, and diftilling with a gentle Heat inso a 
£43 lati Receiver, sldenes came over a pure light 
eater, or merely wa searing Liquor 3: ‘leaving a 


See Dre Greowand Nin Royle:pafin.. 
9) See Le®. VI, Expl. 
G a) {mall 
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{mall Quantity of dry and whitifh terreftrial Mat- 
ter behind. 


22. This Experiment requires a farther, and 
much more exact Profecution. We fee it re- 
folves Water into three diftinct, and, to appea- 
rance, different Parts; viz. (1.) Air, (2.) ele- 
mentary Water, and (3.) Earth. The Truth of 
this Analyfis feems confirmed by other Experi- 
ments. For Water, by boiling, is alfo deprived 


of the Air it naturally contains. And fo it like-. 


wife is by ftrong Freezing, the Ice becoming 
gradually lefs porous, and more purged of its 
Air-Bubbles ; alfo Water upon thawing always 
leaves a Quantity of earthy Sediment behind. 
But neither this Experiment of Freezing and 
Thawing, nor the Re-diftillation of Water, has 
been carried fo far as to fhew, with Certainty, 


whether any, and what Proportion of the Water — 


is thus actually convertible into Earth; or whe- 
ther a Quantity of earthy Matter, before diffoly- 
ed or finely difperfed in the Water, is thus only 
aggregated, or collected together and left be- 
hind, in a dry, folid, or earthy Form, upon 
Evaporation. 


23. The Determination of this Point is of | 


Confequence to Phyficks. The Circumftances 
that tend to invalidate the Experiment by Di- 
ftillation are, (1.) That the Water fuffers-a great 
Diminution of its Quantity in the Operation’; 


fome Part fticking to the Sides of the Veffels — 


employed every Time, and fometranfuding thro’ 
the Luting : whence the Account is defrauded. 
And (2.) that in tran{vafing the Liquor, it every 
Time licks up the Duft naturally contained in the 
Atmofphere, and at the fame Time lofes Particles 
of Water, which are thus carried off by the Air; 
whence, upon numerous Repetitions of the Ex- 
periment, a large Proportion of the Earth ob- 

| tained 
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tained may proceed from the Duft of the At- 
mofphere a). 

24. The Experiment by Congelation feems 
attended with fewer Difficulties, and might per- 
haps be brought to determine the Point with lefs 
Exception, by ufing a Circle of Freezings and 
Thawings, alternately repeated, with Care to fe-. 
parate the Earth each Time. 

_ 25. What we here term Elementary Water, is 
the pure aqueous Part which comes over in Di- 
ftillation, commonly called by the Name of 
diftilled Water. This diftilled Water is found — 
to be lighter and purer than the natural; pro-— 
vided it acquire no Foulnefs, or heterogenous 
Parts in the Operation. And it is obfervable 
that, if the Operation be ftopped in the Middle, 
a grofier Water remains behind than what came 
over. Whence, for all curious chemical and 
ceconomical Ufes, the Water employed fhould 
not boil too long; as particularly in the making 
of Tinctures, Tea, Coffee, &@c. ” 


EXPERIMENT VI. 


The more commodious Methods of examining Water. 


_26. By Means of the Inftrument called the Common 
Alydroftatical Balance, we took the {pecific Gra- Water 
vity of the Water propofed, and directly judged «amined. 
of its Goodnefs by its Lightnefs. 

27. This Experiment is a good Subftitute for 
feveral other Ways of examining the Purity and 
Goodnefs of Waters, both common and mine- 
ral. For it appears by numerous Inftances, that 
light Waters are, ceteris paribus, the bett, pureft 
and wholefomeft. 


a). See Mr. Bay'e’s Philofophical Works, and Boerhaave’s 
Chemiftry. 


G 3 28, But 


86 


Lectur& PHE Firru. 


28. But as the prefent Method réqtires the 
Ute of a curious Inftrument, and a confiderable 
Degree of Accuracy and Attention, other more 
expeditions, tho’ not more exact, Trials have 
been invented ; particularly by the Ule of Water- 
Poifes; which are Inftruments of Ivory, Glafs, 
€$c, made hollow-bellied, fo as to float in Wa- 
ter, higher or lower, according as the fpecific 
Gravity thereof is more or lefs: And the In- 
ftruments being graduated or divided by Lines 
on the Stem, readily fhew to the Eye the 
Diiference betwixt the fpecifie Gravities of 
any two Waters propofed ; tho’ not with the ut- 
oe ixactineis. 
| The Foundation of both Experiments j is 
this, that the Bodies diffolved of licked up by 
W ater, inits pafling thro” the’ Caverns, or fuper- 
ficial Parts of the Harth, are generally either fa- 
line or earthy; which being both more ponde- 
fous than pure Water, it follows, that the ligheft 
Waters are leaft impregnated with them, and 
therefore fitteft tor the finer Ufes, where no fuch 
ero{s, faline, or earthy Matters are required; as 
they are not particularly in the healthy human 
Body, where the ordinary Office of common 
Water is to convey and diftribute Nutriment to 


all the Parts, to dilute and wath off the Over- 


proportion of animal Salts, as it evidently does in 
Sweat and Urine. 

_ 30. By Means of the prefent Experiment we 
find, that the pureft Rain- Water is of nearly the 
fame {pecific Grav ty with diftilled Water ; nei- 
ther of them, when obtained pure, precipitating 
any grofs earthy Matter upon the Addition of 
Oil of Tartar per deliquium, as many Spring- 
Waters do, 

“g4.,Common- Waters are diftinguifhed into 
Hard and Soft, and accordingly are “ufed for dif= 
ferent Operations. Thus foft Water is found beft 
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for extracting certain ‘lin@ures, freeing Metal- 
lic Calces Cais their Salts, &c. And hard Wa- 
ter is. beft for the tempering of Steel, the mak- 
ing of artificial Wines, and) Malt-Liquors in- 
tended for long keeping. 

32. Hard Waters are fuch as contain a foreign, 
faline or terreftrial Matter; and accordingly be- 
come fofter by long ftanding, or by a fmail Ad- 
dition of Salt of Tartar; both which tend to pre- 
cipitate the terreftrial Subftance out of them. 


EXPERIMENT Vu. 


The more commodious Methods of examining Mineral 
Waters. | 


23. (1.) To half a common Wine-Glafs of pyinera/ 
Pyrmont Water we added a Dram of the Syrup Waters 
of. Violets, whereby a greenith Colour was pro- examined. 
duced. (2.) Toalike Quantity of the fame Wa- 
ter we added a few Grains of fcraped Galls; and 
firft, a purple, then a blackifh Colour prefently 
enfued. (3.) We evaporated a Quantity of the 
fame Water, and a {mall Proportion of an ochry 
Subitance was left behind. (4.). We fet a Glafs 
of the fame Water, cold, in the Receiver of the 
‘Air-Pump, and found, upon with-drawing 
the Air, that the Water fparkled violently, 
and difcharged a numerous Quantity of {mall 
Bubbles at its Surface; like what happens in the 
Conflict of an acid and alkaline Liquor. 

34. This Experiment holds in all the Cafes of 
Chalybeate Waters only, and not of Mineral Wa- 
#ersin general. By Mineral Waters, in general, 
are meant all thofe wherein any Medicinal Vir- 
tues, befides thofe of common Water, are tound. 
Thefe Mineral Waters are of various Kinds: 
we may confider them under the general Titles 
of Chalybeate, Purgative, and Alterative. 

G 4 ga.) Lhe 
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35. The more ufeful and commodious Addi- 
tions for examining thefe three Kinds of Mineral 


‘Waters, are, Galis, Syrup of Violets, and Oil of 
spartan per aeliquitias 2500.4 URES The 


36. Gals difcover in them any fmall Propor- 
tion of Vitriol or diffolved Iron; as having the 
Property of immediately ftriking a purple, of 
black Colour, in all Waters, where any fuch 
Subftance is lodged. tr Se 

37. syrup of Violets in the fame Manner difco- 
vers any fmal] Predominancy of an Acid or Al- 
kali therein,’ by changing the Water red, if 
an Acid, and green, if an Alkali prefides. | 
“38. Oil of Tartar difcovers any fmall Propor- 
tion of earthy Matter, lefs'‘capable of diffolving 
in Water than that Salt; by precipitating fuch 


earthy Matter, in Form of a white Cloud, to - 


the Bottom of the containing Glafs, where it 
collects, and appears like a fubtile white Powder: 
~ 39. Thefe Particulars ‘may © be fhewn, and 
proved fatisfactorily, by adding to pure Water 
a little of a known Acid, Alkali, diffolved Iron, 
and fubtile Earth, or fihe light Sediment of an 


earthy Water, and then applying the Syrup of 


Violets, Galls, and Oil of Tartar refpedtively. 
_40. Suppofe, therefore, any unexperienced 
Water to be examined; firft, drop into it a litrle 
Syrup of Violets, and if this does not alter its 


Colour, but keeps its full natural Bluenefs, the - 


Water is neither Acid nor Alkaline. If Galls 
do not turn the Water black, it is not Irony, 
nor Vitriolic ; and if Oilof Tartar does not preci- 
pitate a white Powder, the Water holds no confi- 
fiderable Proportion of earthy Matter. J 


41. The prefent Set of Experiments is capa-. 


ble of great Enlargement, by Means of many 
other Additions, fitted to produce a Change of 
Colour, or a Precipitation in Waters, according 


of Water. Bg 


whey are impregnated with Matters of certain 
Kinds. Thus a Solution of Silver, by caufing a 
Thicknefs or light Precipitation, difcovers a mi- 
nute Proportion of Sea-Salt contain’d in Waters. 
‘And there is fcarce a Salt, an Earth, or a Mine- 
yal, hitherto known, but the Induftry of the 
‘Chemift has found Means of difcovering, if it be 
contained in any common or Mineral Water; 
efpecially, if to this we add the Ufe of Evapora- 
tion, or the Way of bringing the folid Contents of 
fuch Waters to adry Form. So that if this 
whole Affair were to be properly conducted, we 
apprehend it might in a fhort Time terminate 
in:a certain Difcovery of the Contents of all the 
_ Mineral Waters of the Kingdom ; to the great 
Advantage of ordinary Life, and a confiderable 
Improvement in the Art of Medicine, and many 
other mechanical Arts and Trades, depending 
upon the proper Choice and Ufe of Waters. ~ 


EXPER IMENT Vil. 
That Mineral Waters are imitable by Art. 


42. We took a Quart of the lighteft and pu- Pyrmont 
reft Water we could procure, and added to it Vater 
about thirty Drops of a ftrong Solution of Iron reid 
made with Spirit of Salt, a Dram or more of 
Oleum Tartari per deliquium, and twenty, thirty, 
or forty Drops of Spirit of Vitriol; but fo as 
that the Alkali of the Oil of Tartar might pre- | 
vail : we now fhook all brifkly together, and pou- 
red out aGlafs for tafting,; upon which, it was 
found very remarkably to refemble Pyrmont- 
Water. pai 
_ 43. This Experiment, tho’ but particular, 
may afford us a general Rule for imitating any 
Mineral Water propofed. The Rule is, bya 
proper Analyfis to find the Contents of fuch a 
is Ss ocean ial a petite Water, 
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Water, and their Proportions, by Evapora- 
tion, the Addition of tinging Ingredients, &¥c. as 
above mentioned a); then, by Means of fyntheti- 
cal Chemiftry 4), to compofe a fimilar Mixture, 
Thus, for Example, we learn, by a proper Ana- 
lyfis, that the Ingredients or different conftituent 
Parts of Pyrmont-Water c), are a fubtile aqueous 
Fluid, a volatile Iron, and a predominating 
Alkali; all joined together into one brifk, pun- 
gent, {pirituous Water: And upon this Analyfis 
our preceding Imitation was founded, by means 
whereof, if the Proportions be juftly hit, the arti- 
ficial Pyrmont Water will greatly refemble the na- 
tural, and produce fimilar Effects in the Body ; as 
has been found upon Experience d). . 


44. The Imitation of this fpirituous Kind of 
chalybeate Water is by much the moft difficult; 
and may perhaps be rendered more perfect, if, in- 
ftead of ufing the Solution of Iron in Spirit of 
Salt, the .pureft_ common Water be boiled in a 
clofe Veflel, with a fmall Proportion of Okre, 
foft Iron Ore, or Pyrites; the reft of the Pro- 
cefs being conducted as above fet down. 


45. The Imitation of the common purgative 
Mineral Waters is facile: Thus Ep/om-Water is 
imitated by barely diffolving three or four Drams 
of Epjom Salt in a Quart of pure Water, made 
fomewhat brifk or quick with a few Drops of 
Spirit of Vitriol and Oil of ‘Tartar per deliquium, 
fo as to let the Alkali prevail. Andthe fame is 
to be underftood of any otker Water, the 
Contents of which are exactly known. 


a) See Exp. VII. §. 35, 36, 37, &c. 

b) See hereafter the Leure on Synthetical Chemiftry. 

¢) See above Exp. VIL. 

d) See New Experiments and Obfervations upon Mineral 


Waters. 
46. And 


Of Water. OF 

46 And by a little fatther Experience and’The Expe- 
Application, we apprehend that thefe Imita-rie «- 
tions might be brought to a great Degree of“ 
Perfection ; fo as to render the Trouble and 
Charge of importing foreign Waters, or going to 
drink them abroad, in a Manner unnecefiary. 

But the Imitation of the alterative Waters, 
fach as thofe of Bath, Buckfton, Holt, Fc. has 
hitherto fcarce been attempted; nor can be ra-_ 
tionally, for Want of their refpective juft Ana- 


lyfes, upon which fuch [imitations fhould always 
be grounded. 


Axioms and Canons. 


1. We have feen, (1.) that Water is natu- 
rally contained in fome of the dryeft and_har- 
deft Bodies, and in the dryeft Air; (2.) that it- 
felf naturally contains Air, and an earthy Sub- 
flance; (3.) that itis the proper Menftruum of 
Salts, diffolving more of oneand lefs of another ; 
(4.) that one good Sign of its Purity and 
Wholefomenefs ‘is its Levity ; ; (g.) that the In- 
eredients of a mineral Water may be difcovered 
by chemical Experiments ; and (6.) that mine- 
ral Waters are imitable by Art, guided by fuch 
Difcovery a). 


2.°That Water is of infinite Ufe in all the 
Works both of Nature and Art, as without it 
there could be no Generation, Nutrition, or 
Accretion performed in all the animal, vegeta- 
ble, mineral, marine and atmofpherical Regions. 
‘The Blood could not flowin the Veins, nor the Sap 
in the Veffels of Vegetables, nor the Particles of 
‘Minerals concrete and grow together, without 
Water. It is this that makes sa largeft Part of 


‘ See the Lefure paffim. 
our 
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our Blood, our Drink, and our Aliment. 
Without it there could be no Corruption, Fer- 
mentation, or Diffolution carried on a); no 
Brewing, no Diftilling, no Wines, no Vinegars, 
no Spirits J). 

3. That we meet with Water under an infi- 
nite Variety of Forms,and in an infinite Va- 
riety of Bodies; as of Air, Vapour, Clouds, 
Snow, Hail, Ice, Sap, Wines, Blood, Fleth, 
Bone, Horn, Stones &c. through all which it 
feems to pafs unaltered, as an Agent or Inftru- 
ment that fuffers no Alteration by Re-action, 
but remains capable of ref{uming the Form of 
Water again upon Occafion c). In which re{pect 
it greatly refembles that other Proteus Quickfil- 
ver, which we meet within the Form of F umes, 
Clouds, Sublimate, Precipitate, &c. from which 
it may be reduced to running Mercury again d). 

4. That Water, in its common State, ap- 
pears to be a Combination of all the Elements 
together, as containing a Quantity of Fire, 


which keeps it fluid, a Quantity of Air, anda 


Quantity of Earth e). Whence it can be no 
Wonder that Water alone, as it appears to the 
Senfes, fhould fuffice for Vegetation, in fome 
Cafes where little Earth is wanted ; or for fup- 
porting animal and mineral Life, where no great 
Degree of Nutriment is required. And hence it 
proves a Gluten or Cement to fome Bodies, and 
a Solvent to others. Thus it confolidates Brick, 
Plaifter of Paris, Stone, Bone, €¥c. but diflolves 
Salts, and fubtile Earths approaching to Salts, 
and becomes the inftrumental Caufe of their 
Action f). 

a) See Le. I. 6) See the whole Work pa/fim. 

c) See Exp. I. ce. See alfo Lea. IIT. 

a) See Mr. Boyle paflim. é) See Le&. 1. 11. MI. IV. 

J) See Led. 1. the preceding Leéture paflim; and again, the 
Leéiure upon Fermentation, &c. iat 

Belen 5. That 


Of Water. 

‘g. That Water conveys Nourifhment, or a 
more fixed and folid Matter, to the Parts of 
Vegetables, where that being depofited the finer 
B luid perfpires into the Atmofphere 2), which 
gives us the phyfical Caufe of the Dampnefs and 
Unwholefomenefs of woody Countries, which 
they remarkably findin America. For all large 
Vegetables act after the Manner of Pumps, 
continually drawing in large Quantities of Wa- 
ter at their Roots, and difcharging it at their 
Leaves; which intimates a Method of collecting 
Water in dry Countries, and alfo of making 
Salt- Water frefh. 

6. That the Water in pafiing thro’ Plants, 
after having depofited its more terreftrial Part, 
does not always go off pure, but impregnated 
with the finer Effluvia, or more fubtile Particles 
of the Vegetable; thus making an Atmofphere 
round every Plant, odoriferous or otherwife ac- 
cording to its Nature: which fupplies us with a 
Rule for procuring the odoriferous Waters of 
Vegetables by Diftillation 4). 

7. That the Particles, which are not fine 
enough to go off thus along with the Water, 
are left behind upon the Surface of the Leaves 
and Flowers of Plants; being now thickened 
or ftrained from their moifter Parts, and remain- 
ing in the Form of Honey, Manna, Gums, Bal- 
fams, €c. according to the Nature of the Vege- 
table c). And hence appears the phyfieal Caufe 
of Plants proving more odoriferous and fweet, 
when the Weather is both warm and moift ; as 
immediately after a Summer’s Shower. 

8. That the chemical Operator fhould form 
to himfelf an Hygrometer d), for the Service of his 
a) See Exp. III. &c. b) See Exp, II. §. 12. &c. 

c) See Exp. IIT. 


d) As of Sponge, Sale of Tartar, Oil of Vitriol, Oat-beards, 
| &fe. which attract the Moifture of the Air. 
| Labo- 
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Laboratory, to determine the Proportion. of 
Water at all Times contained in the Air; which 
continually mixes with his Preparations, diffe- 
rently augments their Weight, and promotes or 
hinders many of his Operations az), as we find 
particularly in making the Oleum Sulphuris per 
Campanam. and Oleum Tartari per deliquium, both 
of which fucceed beft in a moift Air. 

g. That pure Water makes the largeft Part of 
mineral Waters, where it is impregnated as a 
Menftruum with feveral Ingredients, which it 
diffolves or takes up in its Paflage thro’ the 
Earth c). : | 

10. Lafily, The preceding Enquiry affords 
confiderable Light for difcovering pra¢ticable 
‘Ways of making Sea- Water freth and potable c); 
and of preparing Waters.by Art, fo as to ren- 


-der them fitter for the common ceconomical Ufes, 
and the Service of many particular Arts ; as Me- 
icine, Pharmacy, Chemiftry, Brewing, Dittil- 

ling, ES e, a) 3 


a) See Exp. II, (See alfo.Le&. III, pafim. 
b) See Exp. VII. VIL. 

c) See Dp 75s 12y 1A, Oct. Fy ee 

d) See §. 40.8%. 
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CONTAINING 


dn Enguiry into the Nature and Uje of 
| Menftruums, or Solvents. 


1.W KT E have now gone thro’ the common Jatrodue- 

: Elements, Fire, Air, Earth, and“. 
Water : -we next proceed to Menfiruums, which 
make alarge Branch of Natural Philofophy, and 
a more peculiar and immediate Part of Chemiftry. 

2. By Menfiruums we underftand all thofe Bo- Menfru- 
dies, which, in a fluid, or fubtilized State, are wms whae. 
capable of interpofing their {mall Parts betwixt 
the fmall Parts of other Bodies, fo as to divide 
them fubtilely, and form a new uniform Com- 


_ pound of the two. 


- 3, Hence folid Bodies, as well as Fluids, are Solid and 
capable of becoming Menftruums, when their “id. 
Parts are fubtilely divided, fo astoreceive others 
uniformly between them; whether this fubtile 
Divifion and joint Interpofition of Parts be ef- 
fected by Fufion, Triture, or the like. 

4. Thus when two Metals, being fufed toge- The Def- 
ther, mutually interpofe their fubtile Parts-be= #07 Mu 
tween each other, and unite into one uniform #74" 
Mafs, they become Menftruums to each other. 

And fo when common Sulphur and common 
Mercury are barely rubbed together, till the 


Mafs becomes every Way uniform and fimilar, 


the Sulphur proves a Menftruum to the Mercury, 
and the Mercury a Menftruum to the Sulphur 3 
» an 


96 LecrurRe THE SxiTH, 
and both uniting form that black uniform Powder 
called Zthiops Mineralis. } 
5. Whence it appears, that the Term J/Zen- 
firuum is equally applicable to both the Bodies’ 
concerned ; the one being as much a Menftruum 
as the other. ‘So when Water diffolves Sugar, it 
may as juftly be faid that the Sugar diffolves the 
Water; tho? Cuftom, and thé common Forms 
of Speech, which have little Regard to juft and 
philofophical Notions, do not authorize the 
Expreffion. 
The Men- 6, And hence it may appear that the common 
Arges ¢* Elements, which we have confidered in the fore- 
eae going Lectures, are in a proper Senfe the Men- 
ftruums of Nature, which fhe employs for pro- 
"ducing her ordinary Effects. For Fire mixes uni- 
formly among Bodies, and divides their Parts; 
fo does Air, Water, and elementary Earth, as 
we have all along fhewn. We fuppofe it will 
not therefore appear foreign, but directly con- 
ducive to our Purpofe, to have beftowed a Lec- 
ture upon each of thefe Elements, by way of 
Foundation for our Courfe; as thefe are not 
only the principal Agents of Nature, but are alfo 
concerned in every chemical Operation. . 
The Pur- 7. The prefent Bufinefs will be to fhew, (1.) 
‘ tof the she different diffolving Powers of Water, on dif 
me ferent Bodies. (2.) The fame of Aleohol. (3.) 
The fame of Oil. (4.) The fame of unlikely 
Subftances. (5.) The fame of Quickfilver. (6.) 
The fame of the common Menftruums, qua 
Fortis and Aqua Regia. And (7.) the fame of 
the Digeftor : thus proceeding gradually from 
the weakeft up to the f{trongeft diffolving Powers 
hitherto known in Chemiftry. 


EXpeERi- 


Of Menftruums. Q7 


EXxpERIMENT I. 


That Water, as a Menftruum, diffolues more of 
one Body, and le/s of anoiber. 


8. We took three fimilar and equal Glaffes. 72, diffe. 
each containing two Ounces of the fame Kind reas 
of Water, cold; into the firft we put a certain or o 
weighed Quantity of Ep/om Salt, viz. two Ounces, ) yun 
the greateft Part whereof was foon diffolved ; into Rruum. 
the fecond we put a certain weighed Quantity 
of dry and pulverized common Salt, wz. five 
Drachms, which likewife foon diffolved almoft 
entirely ; into the third we put a certain weighed 
Quantity, viz. eight Grains, of finely pulverized 
Cream of Tartar, whereof fcarce any Part appea- 
red to diffolve in the cold. We fet all the Glaffes 
in Balneo Mariz, till the Water of the Balzeum 
boiled, and then obferved that more of each Sale 
was taken up refpectively. | | ee 

g. It might be proper, for the further Im- Te Expe. 
provement of Chemiltry and Natural Philofophy, vient ex- 
to form a Table of the Time and Quantity “"#% 
wherein all the known Salts are diffolvable in 
Water. Lpjom Salt, we fee, prefently diffolves 
in about an equal Quantity of Water; common 
Sale diffolves in about four times; Nitre in a- 
bout five or fix times; and Salt of Tartar in a- 
bout twice its own Quantity of Water: but Cream 
of Tartar requires twenty times its own Quantity 
of boiling Water to diffolve it. 

10. Such a Table, regularly formed, might 
eafe the Trouble of refining Salts, by fhewing 
at once, without future Trial or Lofs of Time, 
how much Water each Salt required to diffolve 
it; for Clarification, Filtration, or Cryftallization. 

11. It would likewife fupply us with a ready 


and commodious Way of feparating any Mixture 
| fi of 
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of Salts, by fhewing which would firft fhoot out 
of the Mixture upon. Cryftallization. For the 
Rule is, that the Salt which requires the.largeft. 
Proportion of Water to diffolve it will fhoot the 
jirft. And thus Nitre, requiring a larger Pro- 
portion of Water to diffolve it than common. 
Salt does, the former 1s, in the ordinary way. of. 
refining, totally feparated from the Jatter by, Cry-., 
ftallization. And unlefs this were to happen, the, 
Aqua-Fortis prepared from Nitre would prove. 
akind ot Aqua-Regia, and, inftead of diffolving 
Silver, would diffolve Gold; For 4qua- Regia is 
made from a Mixture of Nitre and Sea-Salt, or 
Sal-Ammoniac, which contains the Spirit of Sea-. 
Salt.*, | 
12. The fame Table might alfo dire& us to 
a.ready and commodious Method of feparating 
two Salts, without waiting for Cryftallization. 
Thus fuppofe Tartar of Vitriol mixed with Ep/om 
Salt, if Water be poured upon the Mixture, it, 
will prefently diffolve the Ep/om. Salt, leaving the 
Tartar of Vitriol untouched ,fo that it may be decanted 
clear from it; becaufe Ep/om Salt eafily and plen- 
tifully diffolves in cold Water, whereas Tartar 
of Vitriol diffolves flowly and fparingly in it. And 
the fame is to be underftood of other Mixtures 
of Salts. 

13. If the phyfical Reafon be demanded, why 
one Salt diffolves more reaaily in Water than ano- 
ther, we recommend it to farther Examination — 
whether all Salts do not diffolve in Water with | 
ereater or lefs Facility, and in greater or lefs 
Proportion, according as they contain more or . 
lefs of a grofs, unctuous Subftance, unfuitable | 
to the Nature, or to the Finenefs and Lubricity of 
Parts required in Water. The comparing of 


* See hereafter Exp. VI. 
Epfom 
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Epjom Salt, Salt of Tartar, common Salt, &&e, 
with Nitre, Alum, crude Tartar, &¥c. feem to 
make this more than a Conjecture. | 

14. Vitriols alfo,being a Species of Salts, thence 
become foluble in Water. But pure Water has 
not the Power of diffolving Metals, unlefs they 
are firft reduced to a Saline or Vitriolic Form : 
Nor does Water act as a Menjtruum upon Oils, 
Rofins, Amber, Sulphur, €¥¢. Whence its Power, 


as a direct Solvent, is limited *. For Salts it~ 


feems the appropriated Menjiruum but, with 
the Affiftance of other things, it may diffolve a 
great Number of other Bodies: Thus, by the In- 
terpofition of Wax, it will diffolve Oil by fimple 
Tritare ; by means of the Yolk of an Egg it will 
diffolve Turpentine ; and by means of acid Spirits 
it will diffolve Chalk, Earths, and Metals. 

15. In our prefent Experiment we find the dif- 
folving Power of Water increafe with Heat; and 
this holds till the Water boils: after which, as 
the Heat remains the fame, fo does the diffolving 
Power, and as this Heat decreafes, fo does that 
Power, letting Part of the Salt fall down again. 
Whence it fhould feem as if Heat was the original 
Caule of the diffolving Power, | 

16. But on the other Hand, there are Experi- 
ments wherein the Power of Water, as a Men- 
fruum, decreafes, as the Degree of Heat increafes 
as in boiling the White of an Fog; where the 
Water, as it grows hot, coagulates the Subject 
which it would diffolve when cold. We alfo ob- 
ferve the fame of Blood, a firm Mixture of 
Flower and Water, €¥c. The Inftances of this 
Kind fhould therefore be colleéted, and go along 
with the former, to prevent the Mind from runn- 


* Seo Lect, Vi $i) 47,10 8y BC, 
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ing into Error, by concluding haftily from too — 
few Experiments, which has greatly prejudiced 
Chemiftry and Natural Philofophy. | 


EXxpERIMENT II. 


The difolving Power of Alcohol. 
17. We took an Ounce of Alcobol, and by de- 


difolved “grees added to it an Ounce of folid Camphire ; 
in Spirit of a\1 which it nearly diffolved, in a very fhort Time, 


Wine. 


Alcohol 


what. 


dts Ufes. 


without any Ebullition, or apparent Alteration 
of Fluidity or Tranfparency. We afterwards 
poured in a large Proportion of fair Water, which 
weakening the Solution, and uniting with the 
Alcobol, caufed it to let go the Camphire; fo that 
now it all rofe, white, folid, and perfect, to the 
Top of the Mixture. 

18. Alcobol, or highly reQlified Spirit of Wine, 
is a. Liquor obtained from vegetable Subjects, by 
Fermentation, Diftillation, and Rectification a). 
It appears related to Oil, becaufe totally inflam- 
mable ; and when carefully examined, to be the 
effential Oil of the Vegetable, intimately broke, 
and ground in among the Particles of Water ; 
fo as to form one uniform Liquor, not eafily fe- 
parable again into different Parts 2). , 

19. We learn, by the prefent Experiment, 
that it has the Power of diffolving about its own 
Weight of Camphire ; which when duly exami- 
ned, appears to be a particular Kind of volatile, 
or effential Oil, coagulated into a white and folid 
Subftance 4) : And, as fuch an Oil, it is here plen- 
tifully diffolved in Alcohol. 

20. This Alcobol is a capital Menftruum in 
Chemiftry, and fitted to diffolve Rofins, as well 


a) See the Leéfure upon Difiliation hereafter, 
b) See hereafter Led, XVI. Exp. Uil. 
as 
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as Oils; tho’ it does not thus mix inextricably’ 


with either, but leaves them feparable again by 
the bare Addition of Water, which it diffolves 
more readily than either Oil or Rofin, and 


therefore lets them go to join with this, accord-. 


ing to the Law of Precipitation, For whenever 
one Body has diffolved another, if a third be ad- 
ded to the Solution, which third bas a greater Re- 
lation to either of the former, than they bave to each 
other, their Union is feparated, and the third Body 
diffolved inftead of the firft or fecond , one of which 
2s now at Liberty to rife, or fall to the Bottom, ac- 


cording to its {pecific Gravity : as we faw remark-_ 


ably in the prefent Experiment, where the Cam- 
phire, diffolved in the Spirit of Wine, was foon 
made to float upon the Surface, by the Addition 
of Water, which has a greater Appetite of Union, 
or Relation, to Spirit of Wine, than that Spiric 
has to Camphire. And the phy fical Reafon hereof 
may appear from what was juft now faid of the 
Compofition of this Spirit, or its being an inti- 
mate 6 of Water and volatile Oil *. 

. Hence Alcohol is an intermediate Sub- 
eine betwixt Oil and Water, and related to 
both, tho’ participating more of Water than of 
Oil: And according to thefe Relations, its Ac- 
tion as a Menftruum may, we conceive, be pro- 
perly explained. 

22. By means of this Menftruum the Tinures 
of Myrrh, Gum Lac, Guaiacum, moftt of the 
Varnifhes, and many medicinal Tinétures, Eli- 
xirs, and Solutions are prepared ; tho’ for thefe 
-Purpofes it ufually requires to be acuated with 
Salt of Tartar, But our prefent Bufinefs is to con- 
fider the Power of fimple Menjtruums, rather than 
of fuch as are mixed; for that’ were an infinite 
Field, and would lead us too far for the prefent, 


we See 4. 18. , 
: Hs Tho?’ 
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Tho? the Difcovery of powerful, yet innocent 
Menftruums, by means of Compofition, fhould be 
earneftly recommended to the Diligence of every 
Chemift, as that on which the Improvement of 
numerous. Arts depends. 


ExpeRiIMENT IIL. 
That Oil will intimately diffolve Lead. 


Oi! dif- 23. We put two Ounces of crude Lead into an 
he Iron Ladle, and added thereto twelve Ounces of 
“  Qil-Olive ; then fetting them over a clear Fire, the 
Lead evidently mcled before the Oil began to 
boil, and at iength the Lead difappeared, or 
united and became one with the Oil. By ftop- 
ping the Operation at any time, we could eafily 
learn how much of the Lead was diffolved in 
the Oil, both by the increa'ed Confittence of the 
Oil, and the Diminution of the Lead. 
The Exte- . 24. The fame Experiment may hold alfo of 
riment ex- Tin, and of Tin and Lead mixed. How far 
fended. + ig applicable to the other Metals has not been 
hitherto fatisfactorily tried. Some have fuppofed 
that Oil will diffolve Copper and Iron: But it 
fhould be carefully examined whether the effect 
be not owing to an Acid concealed in the Oil; 
for it is the known Property of Acids to diffolve 
thefe Metals. This has been obferved, that if 
Oil be well boiled, to get out its aqueous Parts, 
it is the better fitted to preferve U enfils of Iron, 
Brafs, or Copper, from Ruft, Whence Marrow 
js reckoned better for this Purpofe, than other 
Fats or Oils more fubject to harbour aqueous 
Moifture.. And if alittle Cerufe, or Black Lead, 
be added in the boiling, the Oil becomes {till 
more proper for this Purpofe, Now it is the Pro- 
perty of Cernfe, and black Lead, to drink up 
Acids; and therefore it may be hence concluded, 
ere that 
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that fome acid ‘Parts, naturally contained in Oils, 
are the Caufe of their Kufting or Diffolving the 
Iron, Brafs, or Copper, on which fuch Oils are 
Jaid. 
‘26. The Preparation, or Subftance, obtained 4, jes: 
in the prefent Experiment, being taken from the 
Fire at different times of the Opération, makes 
either a Balfam, a Cement, or a Plaifter ; and fo is 
fit for various Ules. Asa Balfam, and a Plaifter, 
it is ferviceable in Chirurgery. As a Cement, 
it is excellent in Water-Pipes; and being laid 
upon hot Brick-work, or the like, fits it for 
holding Water. It alfo ferves to hold crack’d 
Glaffes together, fo that they fhall be as firm in 
- the Crack, as in the Sound Parts: | 
26. But a more phyfical Ufe of the Experi- 
ment is, to fhew the great Affinity which the foft 
and fluid Body of Oils, as a Menftruum, has with 
the folid Bodies of Metals, and how they may 
mutually, not only diffolve, but difguife and con- 
ceal each other; fo that Metals fhall be contained 
_in Bodies where the Eye would never fufpect 
fem. * | 
27. The prefent Experiment alfo affords fome 
Light in the Doétrine of Solders, or, the Mix- 
tures of metalline Matters, that will run with a 
lefs Degree of Heat than the Metal propofed to 
be folder’d, and tenacioufly lay hold thereof. 
For Oil, or Greafe, is an ufeful Thing to facili- 
tate the running of thefe Solders; as we fee in 
the Soldering of Lead and Tin, where the Plum- 
ber ufes his Tallow, as the Tinman does his 
Rofin ; by means whereof the Solder and the Me- 
tal are the better foften’d, and in fome Meafure 
diffolved and incorporated together. The Rela- 
28. We defire that this great Affinity be- ‘7 4e-_ 
twixt Oils and Metals may be remember’d ; as °°” wii 
ex Hi 4 being Merals. 
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being of extenfive Confequence in the Bufinefs of 
Metals, and more particularly in the fublimer 
Metallurgy ; where certain Expreffions, concerning 
the Su/pbur of Metals may be underftood to ad- 
vantage, by taking them to mean an actually in- 
flammable Subftance, or Oil. 


ExPERIMENT IV. 


That innocent and unlikely Subjects may afford pow- 
erful Menftruums, /bewn in Bread. 


Bread 29. We took two. Pounds of common brown 

difilled, Bread, cut it into {mall Pieces, and put it into a 
Glafs Retort. We placed the Retort in a Sand- 
Heat, and luting on a Receiver, diftilled with* 
a moderate Fire, fo long as any aqueous Liquor 
came over: at length fuffering all to cool, we 
took off the Receiver, and by the Filtre feparated 
the Liquor obtained, to clear it of its Oil. This 
Liquor we rectified from its Phlegm in Balneo 
Marie, and afterwards diftilled it over again 
in a Sand-Heat, fo as to obtain a moderately 
ftrong, acid, limpid Liquor, under the name of 
the rectified Spirit of Bread. 

ies of the 30 An this manner we obtain from common 

Experi- Bread a large Proportion of an aqueous Liquor, 

nent. mixed with acid Parts, fo as to be capable of ex- 
tracting the red Colour out of Coral, or even 
Garnets. But to procure this Liquor in its greateft 
Strength and Perfection, we fhould make Ule of 
Rye: Bread, or fome of the coarfer forts, 

31. The Experiment beiag duly profecuted, 
affords us the Analyfis of Bread; a Subftance 
capable of recruiting and forming all the folid 
Parts of our Bodies. And no wonder, fince it 
contains nearly the fame Principles as animal 
Matters. For Blood, Flefh, or Bone, upon their. 
Analyfis, refolve into Water, Oil, volatile Salr, 

and 
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and Earth; the whole, by Decoétion, making 
a Kind of mucilaginous, or gelatinous Subftance 
with Water: And in the fame manner Bread boils 
with Water into a gelatinous or mucilaginous Sub- 
ftance, and when diftilled, refolves into Water, 
an acid Spirit, Oil, and Earth. The principal 
Difference between them is, that Bread affords a 
volatile Acid by Diftillation, whereas Flefh, or 
Blood, affords a volatile A/kalz. Whence it fhould 
feem, that there is in the Body a certain Power of 
Changing the Matter of an cd into that of an 
Alkali *. 


32. To gain a clearer Information from the Extended. 


prefent Experiment, we could with it were repeated 
with fuch Bread as contains no Sea-Salt, which 
is acommon Ingredient in the ufual Kinds of 
Bread. For Sea-Salt affords a confiderable Pro- 
portion of acid Spirit upon Dittillation, and this 
Spirit may have a great Share in diffolving the 
Bodies fuppofed to be diffolved by the Spirit of 
the Bread. But however that Matter may prove, 
the Experiment fhews a powerful Menjtruum is 
obtainable from an innocent and unlikely Sub- 
ject. And the fame has been found to hold of 
many other Preparations; as Wine- Vinegar, 
tartarized Tartar, ec. hence the like Experi- 
ments fhould be tried upon other common Sub- 
jects, fuch as the- Yolks and Whites of Eggs; 
Rennet, Curd, Whey, Milk, Butter-Milk, Cheefe, 
Urine, Sc. in order to difcover whether fervice- 
able Menfiruums might not be thus procured. 


ExPERIMENT  Y, 


That Quickfilver diffolves Metals. 


105 


33. We melted two Ounces of clean Lead in 4malga 


an Iron Ladle, and in another Ladle we heated ~ 


* See more to this purpofe in Leg#, VII. 
| che 


ation of 
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the fame Quantity of Quickfilver till it jut 
began to fume; then we poured the Quickfilver 
to the Lead, and ftirred them both together with 
an Iron Rod: upon letting them cool, they made 
a white, hardifh, homogeneous Mafs ; a part of 
which, being ground with more frefh Quick- 
filver, readily and intimately mixed therewith. 
The Expe- 34. This Experiment fucceeds with all the 
riment ex Metals, except Iron; which therefore appears 
fended, of a Jefs mercurial Nature than the reft. The 
jes ey Operation itfelf is called Amalgamation, that is, 
the intimate Mixing of a Metal with Quickfilver, 
and is the Foundation of Gilding and Silvering. 
For an Amalgam of Gold being rubbed upon a 
well polifhed Plate of pure Silver, and the Plate 
afterwards expofed to fuch a Degree of Heat as 
will evaporate the Quickfilver of the Amalgam, 
the Plate is left gilt. The Cafe is the fame 
when Copper is to be filver’d. And thus Gold, 
or Silver, is uniformly diffufed through the Body 
of the Quickfilver ; whence a fingle Grain of 
Gold, Silver, Lead, or Copper, may be divided 
to an almoft inconceivable Degree; or fpread 
uniformly through a Mafs of a thoufand Pounds 
Weight of Quickfilver, every the fmalleft Par- 
ticle of which fhall contain a Quantity of Gold 
proportionable to the Whole. And hence it 
appears that Quickfilver is a true Menfruum to 
all the Metals, except Iron ; difiolving them as 
perfectly as Water diffolves Salt. 

35. The prefent Experiment alfo fhews us 
how Quickfilver may be adulterated with a Pro- 
portion of Lead: but the Fraud is eafily difco- 
vered, by putting a little Quantity of fuch de> 
bafed Quickfilver into an Iron Ladle, and exha- 
ling away all the Mercury which will thus leave 
the Lead behind. 


36. We 
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96. We may likewife hence underftand the 
fraudulent Tricks of fome pretended Alchemiits, 
who feigning an Occafion for the Ufe of Mer- 
cury in their Procefles, do beforehand fecretly 
diflolve, or procure to be diffolved therein, a 
certain Proportion of Gold or Silver ; which not 
flying off along with the Quickfilver in the Fire, 
the credulous By-ftanders are made to believe, 
that the bafer Metals employed are enriched 
with the nobler in the Operation. The Inftan- 
ces of fuch Frauds are many, and have brought 
a great Stain upon the Art of Alchemy. But 
they are eafily detected, by expofing a Part of 
the Operator’s Mercury to the Fire; for the 
Quickfilver going off in fume will leave the 
Silver and Gold behind. : 


| Experiment VI. ; 
That Aqua-Fortis, or Spirit of Nitre, is the Men- 
ftruum for Silver; and Aqua-Regia the Men- 
— ftruum for Gold. | ? 


37. We took two Drachms of the fineft Silver 6,77 ang 
reduced to Filings, and poured upon it twice its Silver di/- 
Weight of proof Agqua-Fortis; then fet the con- /e/ved. 
taining Glafs in a gentle Heat, under a Chimney, 
till the Solution was perfectly made. 

38. We took ten Grains of Leaf-Gold, and 
poured upon it two Drachms of Aqua-Regia ; 
then fet the Glafs in a Sand Heat to warm tho- 
roughly. After the Gold was diffolved we ad- 
ded a Grain or two more, till the Menjfiruum 
was fully faturated, and then decanted the clear 
yellow Solution. We afterwards put a few Grains 
of Silver into 4gua-Regia, and a few Grains of 
Gold into Aqua-Fortis,; and. kept the containing 
Glafs warm, in the fame manner as before, but 
found no Solution enfue in either cafe. 


39. Thus 
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- 39. Thus we feethat Gold and Silver are per- 
fectly diffolved in their refpeétive Menfiruums, 
neither of which will touch the other Metal. For 
if any Gold be contained in the Silver, it will: 
fall to the Bottom of the Solution in the form 
of a black Powder; and if any Slver be con- 
tained in the Gold, it does fo likewife. 
Proof-A- . 40. The 4qua-Fortis, for the Solution of Sil- 
qua-Fortis ver fhould be made Proof; that is, it fhould be 
wees capable of di‘iolving half a Grain, or a Grain of 
Silver immediately, without growing in the leaft 
turbid; asit would do if it contained any Sea-Salt: 
in which Cafe it would be a Kind of Agua-Regia. 
How 41. Aqua Fortis is made by diftilling purified 
made.  Nitre with calcined Vitriol, or rectified Oil of 
Vitriol, in a ftrong Heat, whereby an extremely 
corrofive acid Liquor is driven over in blood-red 
Fumes. 

42. Aqua-Regia is made by diffolving a fourth 
part of Sea-Salt in the Agua-Fortis above men- 
tion’d. 

Upes ofthe . 43: If the Silver employed in the Solution were 
Solution of Abfolutely pure, the Liquor will be pellucid : 
Silver, but if any Alloy, or Copper, remain mixed with 
it, the Solution will have a bluith or ereenifh 

Caft. Ifa Solution of perfectly pure Silver be di- 

Juted with fair Water, it will {till remain pellu- 

cid, without letting any thing precipitate. But 

if any faline Matter be contained in the Water, 

the whole will now turn thick or milky. The 
Solution of pure Silver, when properly weaken’d 

with Water, may be commodioufly ufed for 
{taining the Skin, or other animal Subftances, 

black. And if white, grey, or red Hair be 
moiftened with it, the Hair will foon become of 
abeautiful brown, or jet-black Colour. For 

which purpofe it may be ufed with Safety, Care 

being taken not to touch the Skin therewith ; for. 

thus 


Agua-Re- 


gia what. 
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thus a Blacknefs would be occafioned, that re- 
quires many Days before it goes off again; but 
it difappears at length, by the Scarf Skin pecling 
“off, without caufing any Pain, or leaving any 
Sore behind. 

“44. The Solution of pure Silver has an intole- 
rably bitter Tafte ; tho? to the Eye it be not di- 
ftinguifhable from fair Water: In which we have 
an eminent Inftance how Metals may lie concealed 
from the Sight, or remain lodged in unfufpected 
‘Liquors, and thence be introduced invifibly into 
other Subftances. Whence the greater Caution 
fhould be ufed with all Pretenders to the Melio- 
ration and Tranfmutation of Metals. _ 

' 4s, This Solution of Silver is the Foundation 
of feveral medicinal and chemical Preparations ; 
as the Vitriol of Silver, the Lunar Caufiic, the 
Silver-Pill, &c. 

46. The Silver is recoverable from this Solu- 74. Siiver 
tion, barely by fufpending a Copper- Plate therein : ow re- 
For Copper being more eafily diffolved by 4qua- coverable. 
Fortis than Silver, the Silver is thereby preci- 
pitated to the bottom, in the form of a Powder, 
which being wafhed and melted comes into a me- 
talline Lump again. And this is alfo to be un- 
derftood of the Solution of Gold. 

47. But, on the other hand the Solution of ye, ore 
Gold is yellow, or gold-coloured, and tinges the Soluwian of 
Skin purple, as the Solution of Silver ftains it Gold. 
black. It may be further added, that if the So- 
lution of Gold be precipitated with Salt of Tartar, 
and the Powder carefully dried, ic makes the 
Aurum fulminans, fo called from the violent Ex- 
plofion with which it goes off, when heated 
beyond a certain Degree *. 


" * See hereafter the Le&ure upon Pyrotechny. 
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ee er aaa VIL. 


The diffolving Power of the Digeftor, az Inftrus: 
ment contrived at once to dire the Afiion of © 
Water, Air, and Heat, in a high Degree, upon: 
a Subjeci. | 


The Struc. 48. The Digefor is a ftrong Veffel made of | 

ture and “Opper, or Iron, and fitted with a clofe Cover 

Uye of thea.d Screws, fo as to remain perfectly tight, 

Dissfor. in a confiderable Degree of Heat ; whilft Water, 

common Air, and the Subject of the Operation — 

are contained within. _ 

Ox-Bone 49. We took a Pound of frefh Ox Bone in a 

fftd.  fingle Piece, with two Quarts of common Wa- 
ter, and leaving a confiderable Space for the 
Atmofpherical Air, we fcrewed them all up to- — 
gether in the Digeftor, and applied a moderate 
Degree of Heat to the Bottom thereof, for about 
a quarter of an Hour, or till a Drop of cold 
Water, let fall upon the Cover, would evaporate 
in avery few Seconds of Time: after which letting 
allcool, we opened the Veffel,and found the Bone 
foft and tender, fo as to be cut with a Knife, — 
the Water about it turned to a hard Jelly, and 
a large Quantity of Fat in a folid Cake at the 
Surface. 

Rationale 50. The Effects of this Inftrument will not * 

of the Ex- appear furprizing, if the Forces that at within 

periment. it be duly confider’d. For, as we have formerly 
fhewed the inftrumental Efficacy of Fire, Airy 
and Water to be very great, even when feparate, 
it is no wonder they fhould a& extremely {trong 
upon a Body in conjunétion *. 

Its Ufes. 51. Hence the Digeffor feems, of all the In- 
{truments, or Veffels, hitherto invented, the moft 


* See the five preceding Le€tures, palfim. 
pow- 
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powerful for increafing the Action of Men- 
firuums. And ifafuitable Method could be dif- 
cover’d for ftrengthening the Engine, fo as.to 


work fafely with a very ftrong Degree of, Heat,, 


we might reafonably expect. to. perform. fome 
very extraordinary Operations. by, its. means, in 


the way of Extraction, Decoction, Tincture, So-. 


lution, and perhaps even Deftruclion, or Tranf;- 
mutation 2). ; 
52. But a Courfe of Experiments and Lectures 


upon this Engine alone, would fcarce be fufficient; 


to fhew and explain its- numerous Ufes.and Ap- 


plications for improving the. Doctrine of Aden-. 
ftruums. And what Effects the common Solvents,, 
as Alcohol, Oils, Aqua-Fortis, Mercury, and :Me-. 
tals themfelves, might have, when affifted by this. 
Engine, is not eafy to foretel ; and indeed it would. 
require much Induftry and Application to dif-.. 


cover them. 


Ax1oMs and CANONS. 


1, We learn from the preceding Enquiry, that. 


Water is a Menftruum which, of itfelf, diffolves 


little more than Salts 2); but, being affifted by. 


Acids, diffolves Earths, and even Metals them- 
felves ¢). And hence might be drawn a general 


Rule of Praétice, for making Water an almoft’ 


univerfal Menftruum. ‘Thus, by the Addition of 
a fixed Alkaline Sait, it diffolves Oil into a Soap; 
by the Addition of Alcohol, it extracts the refi- 
nous Tinctures of Vegetables : and in this Man- 
ner it might be proper to run through the dif- 


ferent Subjects of the vegetable, animal, and mi- — 


a) See Dr. Papin’s 'Treatife of this Inftrament. See alfo » 


the Lord Bacon’s Philofophical Works, paffim, 
ey: hap. 157 See allo Lek: V." 
Lay, 1, Vi. 
: neral 
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~ neral Kingdoms, and form Tables of the folutive 


Powers of Water, fimple and compounded. . 

2. That fuch Tables may be readily formed 
of the diffolving Powers of all the known Men- 
firuums, to fhew by Infpection, in what Time,’ 


in what Proportion, and with what Degree of ~ 


Heat, all Solvents perform their Action ; which 
being once reduced to a Certainty, would greatly 
facilitate and improve the Practice of Chemiftry a). 

3. That the Power of Alcohol, as a Menjtruum, 
is chiefly limited to Rofins and Oils; but, by 
certain Additions, may be extended, as was faid 
of Water, fo as to become an almoft univerfal Sol- 
vent 4). Thus, by the Addition of Water, it be- 
comes Brandy, or Spirit, which extracts many 
Tinctures that neither pure Water nor pure 
Alcohol will feparately extract. Whence we have 
a good Inftruction for attempting a new Set of 
Menjiruums by Mixture, or the Compofition of 
two or three fimple Solvents. And if the requi- 
fite Care and Skill were employed in this Matter, 
many ufeful Difcoveries might be juftly expected 
from it. Indeed, the mixing of two Menjtruums 
may fometimes deftroy the Virtue of both: thus 
Spirit of Nitre and fimple Water wiil each of 
them feparately diffolve the human Calculus, but 
when mixed they will not touch it. This In- 
ftance however is only particular, and there are 
a large Number producible on the contrary fide; 
which may rationally recommend a farther Pro- 
fecution of this Enquiry. 

4. That Metals are foluble in Oils, and in acid 
Spirits, fo as not to be eafily difcovered thereinc). 
Whence a Rule may be drawn for a prudent Suf- 
penfion of the Judgment, and a rational Dif 


a) Exp.1. Seealfo Led. ¥. 
b) Exp. Il. 
c) Exp. Ul, VI. 
truft 
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truft of the Senfes in chemical Operations: And 
alfo, a Caution againft being impofed upon by 
the vain Pretences of Alchemitts a). | 
_. That the Power of a Menjiruum is not to 
_be judged of by its Innocency with regard to the 
-animal Body. The acid Spirit of Bread is inno- 
cent and wholefome, yet capable of diffolving 
Coral andGems 4). Pure Oil-Olive will diffolve 
-Lead-and Tin. The White of an Ego, boiled 
hard, and fuffer’d to run per deliquium, diffolves 
the tough Body of Myrrh. The Inftances of 
this Kind are extremely. numerous. They well de- 
ferve to be collected and tabled, that the Mind may 
be thereby cured of the Prejudice it has too readily 
“imbibed, as if Corrofives only were Solvents. 

6. That the Action of Menfruums depends 
upon a certain Secret and reciprocal Relation be- 
twixt the Solvent and Solvend, fcarce cognizable 
_by the direct Senfes, nor hitherto well made out 
_ by Inftances and Induction. Alkali and Acid, 
Attraction and Repulfion, Sympathy and Anti- 
pathy, feem rather Words coined tu exprefs the 
Action, than to affign the phyfical Caufes there- 
of. And_hence the Action of new Menjiruums 
cannot be determined, or rationally conjectured, 
beforehand ; becaufe it depends upon a Caufe not 
hitherto known. 

7, That Menftruums have not their full Action, 
unlefs reduced to a fluid or fubtile State ¢). Wa- 
ter in the firm and folid Form of Ice does not act 
on Salts; but they foon begin to diffolve each 
other upon Contact. Metals donot act on Me- 
tals, in the Way of Solution, till they are fufed : 
Nor does Sulphur diffolve Quickfilver, till they 
are both reduced, either to a fluid or very fub- 

a) See above, §. 26,° 33°36, 


by  Bxp. IV. 


c) See the Le@ure, faffim. 
| I : tile 
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‘tile State, ‘by ‘Triture, ‘or'by Melting. And this — 
‘appears to be the Cafe in all'Inftances. Whence, 
in order to'promote the Action of Menfiruums, 


‘we are directed ‘to reduce both the Solvent and 
“Solvend to minute Parts, or as near as poffible 
‘toa fluid State, whether by Heat, Triture, Fu- 


fion, orotherwife. And hence-appears the phy- 
‘fical ‘Caufe of the‘fingular Efficacy‘ of Fire, Air, 
Water, and Trituration in‘promoting the Action 
sof ‘Menftruums ~a). ‘ 

°§. That Quickfilver is a true-Solvent of Me- 
‘tals, incorporating with them, as Water does with 


‘Salts 4); by which Means one Metal may be rea- 
‘dily united with another, in any Proportion, by 


fimple Triture c). ~And hereby alfo many Ope- 
rations inthe fublimer Metallurgy are chiefly 
‘performed: d). 

g. That acid Spirits-are not, ‘equally, proper — 
‘Menftruums to all the Metals; thus Spirit of Nitre, 
tho’ it diffolves the reft, will not diffolve Gold ¢). 
So-neither is Quickfilver itfelf a proper Men- 
firuum to them all ; for it does not diffolve Iron f). 
And the true phyfical Reafon hereof feems not — 
hitherto fatisfactorily difcovered, tho’ numerots 
Conjectures have been made about it 

10. That all rhe Bodies in nature may become 
Menjftruums to one another, each of them being, 
by fome Means or other, capable of having their 
{mall Parts uniformly interpofed betwixt the {mall 
Parts of any of the reft. ‘Thus even Metals may, 
by Art, be made to diffolve in Water; as we 
evidently fee from numerous Solutions of Metals 


a) See the five preceding Lectures, pa/jim. 

6) Exp. land V. Seealfo Le. V. 

c) See above, §. 33, 34. ; 
: da) See hereafter the Ledtures.on Miasralgy and Metal. 
UTP. 

:) See Exp. VI. 

J) Exp. ¥ 


Of Menfiruums. 

sin acid Spirits: thefe Spirits being no more than 
Water charged with the fine or more volatile Parts 
of Sal ts. 

at, That,the Canfe of Solution stay af- 
figned, viz. the Admiffion of the fine Particles of 
one. Body inro the Pores of another, whofe Figure 
is fitted for their Reception, is not juft or ade- 
(quate, but hypothetical. and ill- aprelameg. fince we 
‘ find that fome. Bodies will uniformly diffolve t their 
own. Quantity , of others re Water does of 
Epfom. Salt, Alcohol of effential Oils, Mercury of 
Metals, one, Metal. of another,. Se. whereas the 
‘Sum of.the Pores, or. Vacuities, of every Bod 
muit-be neceilarily jefs than the Body | icfelf’; 
jand. confequently . thofe Pores cannot receive .a 


Quantity of Matter equal to the. Body wherein 


they exift: for this were to make the contained 


i Ba 


12. That the diffolving Power of Water may 


be immenfely increafed by means of the Digeffor, 


an Inftrument not hitherto introduced into Che- 
miftry, tho’ probably applicable to the great Im- 
provement of that Art; as being a Contrivance, 
which at once determines the Action of a Solvent 
upon the Solvend, with all the Advantages of 
Heat, Air, and Water, brifkly agitated and con-. 
fined, under a State of Compreffure, fo as to 
make them act like different Sets of Stampers 
upon the Matter to be changed... For this Engine 
at once employs all the four Agents required to 
make the greateft Part of Menftruums act with 
Advantage ; ; viz. Fire, Air, Water, and Tricure. 
Whence there are fome folid Grounds of Hope, 
that it may, under a proper Regulation, greatly 


contribute to the {mprovement of Chemiftry, Na-~ 


tural Philofophy, and Arts. 
e~Biep LIL, V.. 
| I 2 13. Upon 


a7s 
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13 Upon the whole it fhould feem, that many 
defirable Improvements are derivable to Arts 
from an Improvement in the Bufinefs of Men- 


ftruums *, The Difcovery of that common Men- 


ftruum, Aqua-Fortis, introduced the Art of A flay- 
ing, and the Scarlet Dye. That of Alcohol in- 
troduced the Arts of Warnifhing and Japanning, ~ 


‘numerous Pigments for Painters, Colcurs for 
Dyers, Tan-Liquors for Tanners, the Staining 
_of Bone, Horn, Ivory, Marble, various Kinds of 


Ink, Tindtures, and Solutions, in Medicine, Che- 
miftry, and other Arts, have all refulted from 
the Difcovery of Menjftruums. Yet the Subject 
feems almoft as new and rich asever; fo that nu- 
merous other Difcoveries, of the fame Kind, would _ 
not exhauft it. 7 


* See the whole Enquiry, pa/im. 


LEC- 


peer 


. boc TU Row OVE 
CONTAINING 


An Enquiry into the Nature, Office, and Ef- 

_ fects of Fermentation . and Putrefaction, 
in the Vegetable, Animal, and Mineral 
Kingdoms. 


i. Hi E Purport of this Lecture is to enquire ¢,, 93. 
into the Nature, Effects, and Ufes of j.g, 
Fermentation and Putrefaction, as they are the 
natural Means of converting one Body into an- 
other; in order to acquire a farther Knowledge 
in the Chemifiry of Nature, and thence derive 
fome ferviceable Rules for the Improvement of 
Philofophical Chemifiry. | 
-. 2, But as the Subjects of Fermentation and 
Putrefaction feem to have been imperfectly treated 
by Authors, and to lie buried, as it were, in Ob- 
{curity, we fhall endeavour to let fome Light in 
upon them by particular Experiments, and our 
Exolanations of them; fo as to fhew the Steps of 
Nature and Art, in conducting and regulating 
thefe capital Operations, for altering and changing 
vegetable, animal, and mineral Subjects in the 
three grand Regions of Nature, viz. the Earth, 
Ocean. and Atmo/pbere. 
3. That we may proceed the more clearly, we ThcOrder. 
fhall begin with Fermentation in vegetable Sub- 
jects, and trace it thro’ all its Stages; till at 
Jeneth it terminates in Putrefaction, which reduces 
vegetable Subjects to an animal Nature. We 
fhall next confider the fimilar Procefs in animal 
1-3 Subjects, 
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Subjects ; and /a/fly, examine whether any Thing: 


of the fame Kind obtains among Minerals. 


oe 
To begin with vegetable Subjects 


EXPERIMENT I. 


The Nature and Ujes of vinous Fermentation; or the’ 


Way of changing the natural Fuices of Vegetables 
into Wines. 

Wine 4. We took a Quarter of an hundred of whole, 

made from oy unbruifed, Malaga Raifins, and put to them 

Rasjins. feven Gallons of cold Spring-Water, in a wooden 

‘Veffel or Cafk, which we fet loofely cover’d in a 

wart Place, that the Contents might ferment for 


fome Weeks. We found that the Water foaked © 


thro’ the Skins of the Raifins, diffolved their in- 
ternal fweet or faccharine Subftance, and became 
impregnated therewith, as a Menftruum ; that thé 
Liquof manifefted an internal Struggle and Com- 
motion of its Particles, throwing up numerous 
fmal! Bubbles to the Surface, with a confiderable 
hiffing Noife; and that when the Fermentation 


was finifhed, the Liquor was become an actual » 


new Wine; as appear’d by the Tafte, Smell and 


Effects, having depofited a large Quantity of | 


grofs, earthy sediment, called Lees, at the Bot- 


tom, different from the Hufks, or Skins, and — 


Stohies of the Raifins. 
The Enso.  §- Lhis Experiment is univerfal, or fhews the 
rithons Cee general Manner of making Wines, and all other 
jended. — fivituous potable Liquors, or Drinks, by Fer- 
mentation. For, with a flight Change of Cir- 
cuimfances; it is applicable to the Brewing of 
Beer from Malt; Mead or Metheglin from Ho- 
ney ; Cyder and Perry from Apples and Pears 
, re{pec- 
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refpectively ;, artificial, or made Wines, as. they 
are vulgarly called, from Cherries, Goofeberries, 
Currants, Elder Berries, Blackberries, Plumbs, 
Oranges, or other Fruit; alfo, from the Tap- 
pings of certain Trees, as.the Birch, the Maple, 
the Sycamore, &%c. and more eminently from the 
Juice of the Sugar Cane, Treacle, or common 
Sugar and Water. For any of thefe vegetable 
Juices, being duly fermented, afford as real and 
perfect Wine, according to their feveral Natures, 
as the richeft Grapes of the beft Wine-Countries. 


6. To bring any of thefe Juices into a found 414 ap- 
- Wine, the Rule is to evaporate them, if they coe 
_ are naturally too thin, till they become of equal eee 
Richnefs with the Juice of the Grape, in Wine- 
Countries and in good Wine-Years. ‘This may 


-.commodioufly be done, by Means of the come 


mon Water-Poife *, which fhews the Strength 
or Richnefs of Solutions tothe Eye. And in ge- 
neral, any vegetable Juice, or Solution, is ac- 
counted fufficiently rich for making a ftrong 
Wine, when it will fupport a new laid Egg on 
its Surface. 


7. The Wines made at prefent in England lie. 
under a Difrepute; the Reafon whereof feems 
chiefly owing, fir, to the inartificial Manner 
wherein they are ufually prepared, and, /econdly, 
to a certain Rumour fpread about them, as if 
they were unwholefome, crude, indigeftible, too 
lufcious, too tart or griping, and apt to occafion 
the Head ach, &c. 


8. Thofe, who have never been in Wine Coun- 
tries, nor otherwife made themfelves acquainted 
with the Nature and common Preparation of 


— * See Lect. V. Exp, VI. 
I 4 Wines, 


Theory. 
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Wines proceed in their Judgment of them accord- ” 
ing to Report, . popular Notions, and the inime- 
diate Information of the Senfes. Thus,. for In- 
itance, Red-Port Wines, to pleafe the common 
Palate, muft be bright, deep-colour’d, rough, 
rich and racy, two or three Years old, €#¢. and 


‘when tais or any other Notion comes once to be 


eftablifhed as the Criterion of Wine, the Cooper 
is thereby directed how to hit the general Tate, 
and make a faleable Commodity. 


g. Upon the fame Foundation Philofophical 
Chemifiry inftructs us to imitate the Wine-Cooper, 
and from almoft any fweet and tart vegetable 
Juice, to make. faleable Wines, even Sacks, 
Mountains, Sherries, or Ports; all of which’b 
the way, are ufually mixed Liquors, tho’ the 
Bafis of them all is the Juice of the Grape. 


10. This Juice of the Grape being chemically 
examin’d and confidered, proves to be no more 
than a large Proportion of real Sugar diffolved in 
Water, with the Addition only of a certain Fla- 
vour in the Juice of the Grape, according to the 
Nature of the Vine. Whence we lay it down 
as an Axiom, and the Refult of a careful En- 
quiry, that a faccharine Subjtance is the Bafis of 
Woes. For Sugar is not peculiar to the Sugar- 
Cane, but obtainable alfo trom Grapes ; and ac- 
cordingly we often find large Grains thereof in 
dried Raifins ; particularly in thofe of Malaga, 
that have Jain for fometime, and fweated together, 
by which Means they run into Candy, a faccharine 
Efflorefcence, and aétual Grains of Sugar, So 
again, it is cuftomary in France to evaporate the 
Juice of the Grape till it becomes coagulable in 
the Cold, and in this State to ufe it as a moift 
Sugar, under the Name of Refiné. And the fame 


Thing is to be underftood as practicable in Malt, 


Or 
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, or Wort, and the fweet Juices of all Vegetables 
that afford a Wine by Fermentation *, 
»,1t. Fience therefore we, may derive a Set of Rules, 
Rules, tor boiling down, or otherwife procuring 
the effential Matter of Wines in a fmall Bulk, 
and preferving it found and ferviceable for many 
Years, in order to the Making of all Kinds of 
Wines, Vinegars, and Brandies, even in Coun- 
tries where no Vines grow. And this Difcovery 
alio affords great Light into the true Nature and 
Ules of vinous and acetous Fermentation. 
12. To illuftrate and confirm this Difcovery, Pradice. 
by an Example, upon the Footing of the prefent 
Experiment: Take two hundred Weight and a 
half of double refined Sugar; put it into a‘Pipe, 
or Wine Veffel of two Hogfheads ; fill the Vef- 
fel within four Gallons of the Top with pure 
Spring-Water ;.fet in a warm Place, or Wine- 
Vault; and three or four Pounds of freth Ale- 
Yeaft, or rather of new Wine-Yeatt; and the 
Liquor in a few Months time will ferment into 
a found, colourlefs, and flavourlefs Wine, and 
remain fufceptible of any Colour or Flavour at 
leafure ; fo as with the Stain called Turnfol, to 
be made of the true Claret-Colour; and with a 
Tittle effential vegetable Oil, of any particular 
Flavour required. . And this is here deliver’d as an 
Experiment that fucceeds to great Perfection ; 
fo as to fhew a rational and. practicable Method 
of producing Wines in the Sugar Colonies, or elfe- 
where, that fhall rival thofe of France, Italy, or 
Spain; and if the Nature of Fermentation be well 
underftood, the Procefs may be greatly fhortened 
in point of Time, as well as improved in other 
Reipestseds 02/404 : ; 
13. And fo much for the Ufe of our prefent Ufs to 
_ Experiment, with regard to Trade, and Oeco- 7/44. 


* See an Effay upon the Art of Brewixzg and Difillation. 
See alfo hereafter, Lee. XJ. tafiin. 
> é iff: nomy > 
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To Phils- 
Sophy. 
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nomy. Its philofophical Ufes are no lefs confi- 
derable. And firft, it fhews that the. proper fer- 
menting Matter of every fermentable Subject is 
but {mall,, compared with the Quantity of Wine 
it affords. Thus, for Example, we fee that four 
Pounds of Raifins may be diluted, and ferment- 
ed, with eight Pounds of Water, into what is 
accounted a tolerably ftrong Wine. And yet 
even Raifins themfelves contain a large Propor- 
tionof Water, befides their directly faccharine Sub- 
ftance; which faccharine Subftance is reducible 
to adry Form, as we find in Sugar. And who- 
ever would thoroughly enquire into the Nature, 
the Ufes, and the Means of improving vinous and 
acetous Fermentation, cannot perhaps do better 
than to chufe Sugar for his Subje€&t ; a chemical 
Analyfis whereof will fhew the Principles necef- 
farily required in this Operation. Thefe Prin- 
ciples appear to be an acid Salt, an Oil, and Earth 
fo united together, as to be capable of diffolving 
perfectly in Water. 

14. Hence we alfo fee the phyfical Caufe of the 
fermentable Nature of River-Waters ; which be- 
ing kept in-clofe Cafks have been obferved to 
ferment, and their Vapor, or Spirit, to take Fire 
at the Approach of a Candle. For much vege- 
table Matter, as Leaves, Grafs, the Juices of 
Plants, €¥c. being by the Rains wafhed down into 
Rivers, fuch vegetable Matters muft neceffarily 
there run into a fermenting State, as Raifins do 


by the Addition of Water, the running or flux- ~ 


ible State of the Rivers being no Hindrance to 
this fermentative Motion, after it is once begun 
by Stagnation. . For we fee that Beer and new 
Wine will ferment afrefh upon being fhook, and 

earried upon Drays, or Carts. | 
15. All fermentable Bodies do not require Fer- 
ments to begin their Motion of Fermentation. 
| Raifins, 
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Raifins, we fee, require none 5. much lefs does the 
frefh exprefled Juice of the Grape, or other ve- 
getable Juices, in the Summer-Seafon, or in a 
warm Air. But all {weet vegetable Juices, that 
have felt much of the Fire, as Treacle, or Wort 
high boiled, Rob of Malt, Rob of i Ider, or the 
like, ufually require a confiderable Proportion of 
a vinous Ferment to make them work. In ge- 
neral, Ferménts are no more than Matters al- 
ready in the Act of Fermentation, or that foon 


run into this Act: Of the firft Kind are the Flow- *. 


ersof Wine, Yeaft, fermenting Beer, or ferment- 
ing Wine, &c. and of the fecond, are the new 
expreffed vegetable Juices of Summer- Fruits, &¢. 

16. Water, we find, is abfolutely necefiary to 
begin and procure a fermentative Motion in ve. 
getable Subitances.. For Raifins, or Sugar, being 
kept dry, will never ferment. And this holds 
univerfally of all the Subjects of vinous and ace- 
tous Fermentation, ‘Whence Water is an Inftru- 
ment that muft be neceffarily employed in thefe 
Kinds of Fermentation, whether natural, or ar- 
tiieial 2)3; ¢)2-) | 

17. As the Water which naturally, and in 
large Quantities, perfpires from the Surface of Ve 
getables, efpecially in hot Climates, does not go 
off pure, but carries along with it a confiderable 
Proportion of fermentable Matter into the At- 
mofphere 4), there may be an actually vinous 
Fermentation begun and carried on in certain 
Parts of that Region, ef,ecially where the Winds 
are ftill, or the Air ftagnant. And what phy- 
fical Effects and Ufes this Fermentation in the At- 
mofphere may have, fcarce feems to have been 
confider’d ; nor fhould they be rafhly judged of, 
till a more thorough Enquiry is made. At 


a) See Lek. 1. UL. V. pafim. 
b\ See Led. V, 


Schiedam.. 
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Schiedam in Holland, a larger Quantity of infamm- 
able Spirit is faid to be obtained from Malt, than 
in any other Place, where there are fewer Malt- 
Diftillers.. This is probably owing to the Air of 
that Place being impregnated with the ferment- 
ing Vapours, that continually exhale from their 
numerous fermenting Backs and Stills. And the 
fame is found to hold proportionably of Wines 
fermented in large Vaults or Cellars, where many 
Cafks of Wine are at once, or fuccefiively, fet 
to work. 

18, Warmth, with the free Admiffion of the 

external Air, is neceffary to expedite the Action 
of vinous Fermentation ; for if our Raifins and 
Water were to ftand either in a very cold Place, 
or to be kept entirely from the Accefs of the com- 
mon atmofpherical Air, either no Fermentation, 
or a very weak and flow one, would enfue; as 
has been experienced. 
19. The Lees remaining at the Bottom of the 
Cafk, in our prefent Experiment, are, if ufed 
frefh, a true Kind of Ferment, that will fet any 
lefs fermentable Subject at work, and determine 
its Fermentation tothe vinous Kind. They contain 
a large Proportion of effential Oil, and fome 
Tartar. And hence we fee that vinous Fermen- 
tation confifts, jfirf, in an inteftine Struggle or 
Commotion of the Fluid; ‘and, /econdly, in a Se- 
paration of a grofler Part, which did not appear 
in that Form before. 


EXPERIMENT HII. 


The Nature, Effects, and Ufe of acetous Fermenta- 
tion; or the Method of turning vegetable Matters 
into Vinegar. 


20. We took the Skins of the Raifins, and the 
Sediment left behind, aftera Wine was made in 
“the 
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the manner of the preceding Experiment, and 
poured three or four times their Quantity of 
boiling Water upon them, fo as to make a thin 
aqueous Mixture. Then wefet the containing Cafk, 
loofely cover’d, in a warmer Place than was ufed 
for the Wine, and found the Liquor, in a few 
‘Weeks time, became a clear and found Vinegar ; 
which being drawn off from its Sediment, and 


preferved in another Cafk, well ftopped, conti- — 


nued long perfect and fit for Ufe. 
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21. This Experiment fhews us a cheap and 74. gyse. 
ready Way of making Vinegar from refufe Ma- rimeze ex- 
terials; fuch as the Hufks of Grapes, decayed #44. 


Raifins, the Lees of Wine, Grounds of Ale, Beer, 
*€8c, which are frequently thrown away as ufelefs. 
Thus in many Wine-Countries, the Marc, Rape, 
or dry Preffings of the Grapes are thrown in heaps, 
and fuffered to putrefy unregarded ; tho’ capa- 
ble of affording as good Vinegar, as the Wine it- 
—felf would make. In fome places they bury 
Copper-Plates in thefe Hufks, in order to make 
' Verdigreafe : but this Practice feems chiefly con- 
fined to the Southern Parts of France. Our pre- 
fent Experiment fhews us how to convert them 
to another Ufe ; and the Direction extends to all 
the Matters that have once undergone, or are fit 
to undergo, a vinous Fermentation ; Total fugh 
~ Matters will afford Vinegar. Thus all our Sum- 
mer-Fruits in England, even Black-berries ; all 
the refufe Wafhings of a Sugar-Houte, Cyder- 
Preffings, or the like, will make Vinegar, by 
means of Water, the open Air, and Warmth. 


22. The whole Procefs, whereby this Change 7peProceg 
is effected, deferves to be attentively confider’d. phyfcally 
And firft, the Liquor to be thus changed, being «*/r'4. 


_ kept warmer. than in vinous Fermentation, in 


a few days begins to grow thick or turbid, 
. and without throwing up Bubbles, or making 


any 
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any «confiderable Tumult, as ‘happens in .vinous 
Fermentation, depofites a copious Sediment. ‘The 
Effe@ of this Separation begins ito appear firft 
-on-the ‘Surface of the Liquor, which gathers a 
white Skin that daily increafes in Thicknefs, till 
at length ‘it-becomes like Leather; and now, if 
‘it- be continued longer in this State, the: Skin turns 
‘blue, or green, and would at laft grow folid, 
and zhen-putrefy : thereforean’ keeping, down: this 
Skin as it grows, and thrufting:it,gently to the 
Bottom of ‘the Vefiel, -confifts much of the Art 
of Vinegar-making, efpecially from Malt. 


LargerObe | 223» ik is,toshe particularly obferved, that, if 

Jervation. the Wine of our-firft Experimentwere not bunged 
down -when -arrived -at,its vinous State, but fuf- 
fer'd/ {till co, remain. open and expofed to a warm 
fiir, it would -fpentaneoufly become Vinegar ; 
-and:the fooner, ;if a, fomewhat, greater Degree of 
‘Heat, thamferved for the. Making of Wine, were 
-employed. Whence we might have ufed the 
Wine of .eur-firtt-Experiment. for. this Purpofe, 
-inftead of adding . Water to, the Hufks and Se- 
-diment,-or:Lees.; -but ,we.chofe. the latter Way, 
‘to dhew: that-even fuch xefufe Matters will af- 
sford Vinegar ;,and again, to; intimate, how far _ 
‘the ‘Art of -Vinegar-making ,may be ftill im- | 
proved, | both in Haugland where they brew.a 
“Wort: from: Malt, -and .in .fome Wine-Coun- 
-tries -where they .make their beft Wines into 
Vinegars. 


24. What we would: chiefly obferve, for the 
prefent, is, that acetous Fermentation requires a 
ftronger Heat than the vinous ; and: that Wines 
having once finifhed their Fermentation, as 
Wines, do not naturally ftop there; but, unlefs 
prevented by the Care of the Operator, proceed 


directly on to Vinegars ; where again they make’ 
no 
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Do Stop; ‘but, unlefs‘prevented here alfo, fpon- 
‘taneoufly go on to Vappidity, Ropinefs, Moul- 
‘dinefs, and Putrefaction. From which larger 
-Obfervation we would deduce this Axiom: ‘Thar, 
‘to {peak philofophically, “the Intention or Ten- 
dency of Nature is, to proceed from the very Begin- 
ning of vinous Fermentation, direfily, in one con- 
tinued Series, to Putrefaction, and thence again 
to a new Generation, which appears to be the 
grand Circle wherein all natural Things are 
moved, and all the Phyfical, or rather ‘Chemi- 
cal, Phanomena of the-Globe produced. 

25. And hence we fee’ how, by’ the'Interpofi- 
tion of Man, this-general' Procefs-of Nature may 
‘be {topped at different Periods, with different 
Views; fo as to procure'to ‘ourfelves Wines, 
Vinegars, and, as will appear hereafter, * parti- 
cular Salts-and Oils. 
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26. Another Corollary from the ‘larger Ob- Corelle: 
‘fervation above laid down, is, That the Word ries. 


fermentation has been -ufually applied to fignify 
-only a {mall Part-of this-grand: Qperation of Na- 
‘ture. Thus one limits the-Word to the Pro- 
duction of Wines; another,-to the Production of 
Wines and Vinegars ; and fome'weuld diftinguith 
it from “Puirefaition : whereas either the Term 
Fermentation, or tome other, thould be made 
general, and denote the Genus, or -univerfal 
Operation, whereof Vinification, Acetification, and 
Putrefaétion, are -only Species. At leaft we 
fhould thus attempt to follow and exprefs Na- 
ture, in the Facts that are obferved, and not 
proceed, in an arbitrary, narrow, or inadequate 
Manner, to impofe Terms, and drefs out Nature 
~according to our particular Hypothefes and 
‘Conceits. But the Obfervation itfelf, on which 


* See below, Z£xp. VI. VII. 
| this 
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this Doétrine is founded, being of moment to 


the right Underftanding of the whole Affair of. 


Fermentation and Putreiaction, we proceed to 
illuftrate and confirm the laft Part of it by an 
Experiment, as the two former Parts have been 
already a). | 


ExPpERIMENT III. 


That:Wines and Vinegars, or all fermented vege- 
table Fuices, have a natural Tendency to Putre- 
faction. 
27. We took a Gallon of thick, muddy Vi- 

negar, produced after the Manner of our fecond 

Experiment, and letting it ftand open, in a hotter 

Place than was required to make it Vinegar, it 

became in a few days a vappid, naufeous, and 

putrefied Liquor, throwing up a large Quantity 
of a dry powdery Subftance to the Top, and de- 
pofiting a lefs Quantity of a grofier Matter at 
the Bottom; foon after which the Body of the 


Liquor became clear again. 


28. We might fhorten the prefent Experiment, 


and fave the Trouble of making either a Wine, 
‘or a Vinegar, to fhew it. For if a Quantity of 


Mut were fet in an open Veffel,.in a hot Stove- 


Room, where the Air had free Accefs, the | 


Work would foon be performed, and the putrt- 
fied Liquor be produced almoft at once, with- 
out {topping at the State either of Wine or Vi- 


negar; according to the larger Obfervation de- 


liver’d above 2). 

29. The prefent Experiment has a confide- 
rable philofophical Ufe, as affording Light to 
the Underftanding, and leading us far into a 
Knowledge of our Subject. -And (1.) it gives us 
the phyfical Reafon why Wines and Vinegars, 

a) See Exp. I, Il. 

b) §.24, 20. 

unlefs 
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unlefs made exceeding flrong, will not keep, but 
corrupt and putrefy, in hot Countries. For the 
Heat being there fo great, as to keep the lighter 
feculent Parts of thofe Liquors fufpended for fome 
time in the Body of the Liquor, Corruption 
(which proceeds trom a tumultuary Motion of all 
the different Parts of a compound Body toge- 
ther a), neceffarily enfues. 


pes 


9 


30. (2.) Hence alfo we learn the phyfical Rea- Praficat 


Oegconom:- 


fon why Wines and Vinegars require to be racked 
- from their Lees, in order to preferve them found, 
or keep them from running into PutrefaCtion, to 
which we find they are ftrongly inclined; the 
Tendency of Nature being ever conftant in urging 
‘them to that State. And the Cafe appears to be 
much the fame in animal, and even mineral 
Subftances; as we fhall fee hereafter 2). 


cal Ujes. 


31. (3). This Experiment, therefore, furnifhes | 


us with a Rule for preferving vegetable Liquors 
from the laft Stage of Fermentation, that is, Pu- 
trefaction or Corruption; wiz. by finft clarify- 
ing, and afterwards fecuring and defending them 
from the open Air, and too much Heat, ‘hus, 
for example, we can preferve the natural Juices 
of Quinces,’ Oranges, Lemons, Plants, &?¢. found 
and uncorrupt, by firft clearing them of their 
groffer Parts by the Filtre; or in fome Cafes by 
Boiling and common Straining ; then putting them 
up in Glaffes, pouring Oil onthe Top, and fetting 
them ina cool Place. And in the fame Manner 
-we find fome of the more delicate and curious 
Wines are long preferved found and fprightly : 
for the grofler Feculencies being firft removed, 
the Oil poured on the Top prevents. the external 
Air from entering; and by keeping the Glafles 


a) See §. 27. and hereafter Exp. VI, and VI. See alfo 
the Lord Bacon’s Sylva Sylvarum palfin. 
b) Exp. VIL. VII. | | 
kK from 


130 LECTURE THE SEVENTH, 


from the Sun, or open Day, too much Heat does 
not come at them. | 
Phyfical 32. (4) It is here remarkable, what a large 
and Che- Quantity of folid, earthy Matter is naturally con- 


mical Ufee sained in all fermentable Liquors. Thus, if a 


pellucid Solution of the fineft Sugar in Water be 
expofed to vinous Fermentation, it foon grows 
turbid, throws an earthy Skin to the Top, and 
depofites much terreftrial Matter at the Bottom in the 
Form of Lees. if the Wine be now drawn off 
clear and expofed to acetous Fermentation, here 
again it throws off much terreftrial Matter, both in 
the Form of a Skin at Top, and of Lees at the 
Bottom. Thirdly, if tranfparent Vinegar be ex- 
pofed to putrefactive Fermentation, here again it 
feparates a confiderable Quantity of Earth, both 
at the Bottom and at Top. All which fhews that 
the Separation of a grofs Matter is effential to 
thefe feveral kinds of Fermentation, and that a 
copious Earth may lie concealed in fermentable 
Juices, and tranfparent Fluids, till it finds an Oc- 
cafion of manifefting itfelf to the Senfes. 

The Chan- 93, Before we proceed to animal and mine- 

i ee ral Fermentation, it is proper to examine what 

mentation. ave the Changes wrought upon vegetable Sub- 
je€ts by vinous and acetous Fermentation. ‘This 
we may find, in fome Meafure, by comparing 
Mutt, or a bare Solution of Raifins in Water, 
with the Wine and Vinegar which the fame 
Muft, or Raifins and Water afford, in Vinifica- 
tion and Acetification; and inthis Light they 
may be compared by the bare Ufe of the Senfes: 
but their internal and effential Differences will 
better appear by a chemical Analyfis, or Diftilla- 
tion. 

34. Muft, ora Solution of Raifins in Water, 
which makes a Kind of Muf correfponding to 
the natural Juice of the Grape, is a fweet, clam- 

my 
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my and fomewhat odorous Fluid, which being 
committed to Diftillation affords not the leaft in- 
flammable Spirit. But after having paffed thro? 
_the Courfe of vinous Fermentation, it acquires 
feveral Properties it had not before. For ex- 
ample: it is more tranfparent and thin; lofes of 
its Sweetnefs; has fome Degree of Acidity and 
Roughnefs; proves more odorous, and affords a 
large Proportion of inflammable Spirit; as ap- 
pears by the following Experiment. 


EXPERIMENT IV. 


That vinous Fermentation produces an inflammable 
Spirit. 


35. We took three Gallons of new Wine, Lfamme- 
procured from Raifins and Water in the manner 2 Spirit 


% 


of our firft Experiment, and committed it to the 474 | 


Alembic or Still, which being made to work 
gently, till the Liquor that came over, being 
thrown upon the hot Still-Head, would ne longer 
take Fire by applying the Flame of a Candle 
to the rifing Vapour, we thus obtained a con- 


fiderable Proportion of Brandy, and a weaker 


Spirit. 


36. This Experiment fhews us the common rz, 


Method of making Brandies in Wine-Countries, 


in others. For the fineft French and Rbenifh 
Brandies, the Rums and the Arracks of the Jy- 
dies, are obtained inthe Manner of this Experi- 
ment; all of them being ufually diftilled a fecond. 
time over, and made up, as they call it, with 
Water, or the weak aqueous Liquor of the fecond 
Running, as in our prefent Experiment, to a 
certain Strength, or fuppofed Standard, termed 
‘faleabie Proof. ; 
, K*-2 37, This 


Experi- 
or a Spirit from Malt, Melaffes, Cyder, €9c. ment. 
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Proof in 34. This Proof is judged of by the Head, or 

cin its Crown of Bubbles, rifing upon the Surface of the 

bi Liquor when fhook in a long flender Vial, and by 
the Manner wherein thefe Bubbles vanifh. For if 
they are too large and vanith too foon, the Spirit 
is deemed above Proof; if too fmall, and they 
eo off too foon, it is faid to be below Proof. 
But this isa fallacious Method of Judging; be- 
caufe there are certain known Ways of making a 
Spirit bear this Trial, when it is in Reality either 
above or below Proof. For the proper Meaning 
of the Word. is, that a Proof - Spirit fhould 
contain about one half Water, and the other half 
Alcohol 2). 


Philfphi- 38. The philofophical Ufe of the Experiment 

calUfe. is to fhew, that an inflammable Spirit is produced 
by the Aétion of vinous Fermentation, from 
a vegetable Subject and Water, wherein no 
Signs of any fuch Spirit before appeared. In- 
fomuch that this may be juftly efteemed the 
Criterion, or infeparable Effect, of vinous Fer- 
mentation. 


Spirit of 39. The Ways of obtaining this inflammable 


Wine bow Spirit, to the beft Advantage, will be confidered _ 


btainedy i ereafter D). In the mean time it may be ob- 
ferved, that this Spirit being rediftilled, fo as to de- 
prive it totally of its aqueous Part, is the Sprrié 
of Wine, or Alcohol, whofe diffolving Power. 


was fhewn, in the laft Lecture upon Menfiru- 


ums c); and this Method is the only one that 
is known of procuring it. For no Subjects but 


thofe of the vegetable Kingdom are found to af- — 


a) See this Matter farther explained in Le@, XII, Exp. IV- 
See alfo Le#. 1. Exp. VII. 

b) Led, XI. and XII. 

c) See Led. VI. Exp. it. 


ford 
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ford it; and that only by means of a previous 
vinous Fermentation. 

40. It fhould likewife be obferved, that this 7. tz of 
Alcobol is one of the moft effential Parts of Wine ; the Spirit 
fo that, when it is withdrawn, the Wine lofes “ “7. 
its Nature ; as we fee by the Remains of the pre- : 
fent Experiment. And when properly ufed, it 
is a certain Remedy for moft Difeafes incident to 
Wines; as keeping them found and free from 
Corruption. Whence we have another Rule for 
preferving vegetable and animal Subftances from 
Putrefaction. For this Liquor proves a kind of, 
Balfam to them all, and is accordingly ufed, with 
Succefs, for preferving even animal Subftances ; 

- as we fee in anatomical Preparations, Gc. 


ExPERIMENT V, 


That acetous Fermentation abolifbes the inflammable 
Spirit produced by vinous Fermentation. 


_ 41. We put a Quart of fharp Vinegar into a y;,,54, 

Glafs Retort, and diftilled, in a Sand-Heat, with yields no 

Degrees of Fire, into a Glafs Receiver, but Ahcohol 
found not the leaft inflammable Spirit come over; 

only an acid aqueous Liquor, commonly called 

diftilled Vinegar ; which, inftead of burning, quen- 

ches Fire. 

42. Hence it appears, that acetous Fermenta- Uf of th 
‘tion has avery different Effect from the vinous; Evert. y 
and that the inflammable Spirit produced in the ment, 
former, is either concealed, altered, exhaled, de- 
ftroyed, or fome Way abolifhed, in the latter, ~~ A 
part of this Spirie is unqueftionably exhaled by the 
Heat employed in Acetification, yet Part alfo 
remains behind under a different Modification, 
fo as to be recovered by Art in an inflammable 
Form; as we find by diftilling the Sugar of 

K 3 Lead, 
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Lead, which is only Lead diffolved in Spirit of 
Vinegar. 

43. Our Experiment affords us a Criterion of 
acetous Fermentation, as before we had of the 
vinous. For if an acid uninflammable Liquor 
comes firft over by Dhftillation from a vegetable 
Subject, previoufly fermented, this will determine 
that Fermentation to have been of the acetous 
Kind. 

44. Thus, therefore, we are plainly led to 
allow of two very different kinds of Fermenta- 
tion, in the fame vegetable Subject ; and we con- 
ceive that fome other Species may be found upon 
due Enquiry. | 


EXPERIMENT VI, 


That vegetable Matters turn of an animal Na- 
ture by a hot Fermentation, or Putrefaciion, 


Putrefac- . 45 We took a large Quantity of frefh, green 
tion in Vee Cabbage-Leaves, and prefied them hard down 
getabls. with Weights in an open Tub, bored full of 
Holes on the Sides and fet ina warm Place. By 
ftanding in this State for fome Days, the Leaves 
conceived a Heat in the middle, which fpread to 
the more external Parts, till at length nearly the 
whole was converted intoa pappy, putrefied Sub- 
ftance, whofe Confiftence would not well fuffer ic 
to feparate into a thicker and a thinner Part, 
This Subftance being diftilled in a Glafs Re- 
tort, afforded the fame Kind of volatile Sale 

and Oil, as if it had been an animal Subfta nce 
The Expe- 40. This Experiment is general, and fucceeds 
riment exe alike in all tender, juicy, vegetable Subjects ; fo 
tended. that both the acid and alkaline Tribe of Plants, 
the {weet and the bitter, the <ftringent, and e- 
mollient, fc, refolye into this fame pappy, pu- 
 trefied 
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trefied Subftance. We obferve it alfo in Hay 
that is ftacked wet; in Horfe-litter thrown on 
Heaps; in the Grape-Hufks, or Apple-Pumice, 
after prefling for Wine or Cyders and the larger 
the Heap, and the greater Weight the Matter 
fuftains, the greater the Heat; provided the Accefs 
_ of the Air be not prevented. 

47. Hence we fee the Way employed by Na- m Uz. 
ture for changing all vegetable into animal Sub- 
frances, or of reducing the Matters of both King- 
doms toa Similarity; fo that the one may be ufed 
for feveral Purpoles inftead of the other. And 
thus Nature annually makes large Quantities of 
Compoft, from the refufe Weeds, Leaves, Trafh 
of the Fields, Woods, and Gardens; for this ve- 
getable Matter thus putrefying, and becoming foft 
and pulpy, is eafily diluted by the falling Rains, 
and thence difperfed over the Face ofa Field, and 
carried into the Pores of the Earth. And thus 
the Chemift may, by Diftillation from fuch putre- 
fied vegetable Subjeéts, procure volatile Salts and 
volatile Spirits, hardly to be diftinguifhed from 
thofe of Hartfhorn, &Sc. at leaft the volatile Sale 
and Spirit fo obtained might ferve together with 
Sea-Salt, for making of Sal-Ammoniac a). For 
it appears that the Matter of the fixed Salt in 
Vegetables is, by this Operation, truly volatili- 
zed. Whence not a Grain of fixed Salt can be pro- 
cured from the largeft Quantity of this putrefied 
Matter, provided the Operation were compleatly 
performed. 

48. This Experiment has various. Ufes, not, ¢,.7. 
only in Trades, but alfo in natural Philofophy 
and Medicine. And firft, it fhews an artificial 
as well as natural Method of converting any, 
or all of the different Subjects of the vegetable 


a) See Le&. XX. Exp. I. 
: K 4 Tribe 
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Tribe into the fame undiftinguifhable Subftance, 
totally deftroying all the fpecific Differences which 
before difcriminated that great Variety. And the 
fame Obfervation reaches alfo to animal Bodies, 
as we fhall fee hereafter *. 

Intheani- - 4g. \t alfo throws confiderable Light upon the 

mal Oeco- Procefs of animal Digeftion, as performed in the 

mee Stomach and Inteftines; it fhews us the Nature 
of Gangrenes, Mortifications, and carious Bones 
in the Body; and the phyfical Reafon why no 
fixed Sult is found in the Blood, Bones, or Flefh: 

All which Particulars may be farther illuftrated 

and confirmed, by confidering the like Procefs in 

an animal Subject. 


i 


Experiment VII. 


That animal Bodies naturally undergo a Fermenta- 
tion, or Putrefaétion, after Death, 


Animal . §0» If any large animal Body, as that of a 

Puereface Florfe or a Dog, for example, be expofed ina 

fidhe dead State to the open Air and the Summer’s 
Sun, it begins in a few Days to {well, purge, and 
emit a nauleous Stench, At length the Form of 
the Carcafs is deftroyed by the Commotion, and 
refolved into a putrid, fetid, ftercoraceous Matter 5 
a large Part in the mean Time flying off into the 
Air, fo as to leave but a fmall Proportion of a 
mucilaginous, pappy Subftance, which foon grows 
dry, orturns toa Kind of Earth. Buta Quantity 
of this Matter being collected before it grows 
dry, and diftilled, it is faid to afford the burn- 
ing Phofpborus, as putrefied Urine is known 
to do. 


& Exp. VIL 
51. This 
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“51. This Experiment or Obfervation is uni- Extended. 


verfal, ‘and holds equally of Birds, Beafts, and 
Fifth. Whence Rivers, the Ocean, and the At- 
mofphere itfelf, muft neceffarily be impregnated 
with fermenting, putrefying, and putrefied Par- 
ticles, which mixing with other Matters, and 
being difperfed through the immenfe Bodies of 
thofe Fluids, they undergo therein fuch Changes, 
whether by uniting with the Salts of the Air and 
- Ocean, or otherwife, as prove not unfrequently 
deftructive or noxious to the Creatures that in- 
habit thofe Elements. For this putrefied Mat- 
ter appears to be in itfelf a Kind of Poifon, in- 
fectine the Air wherein it fpreads; foas to oc- 
cafion peftilential Difeafes near the Places where 
creat Battles have been fought, when the un- 
buried Carcafes of the Slain thus refolve and go off 
into the Atmofphere. Many other Inftances we 
have of the poifonous Nature of putrefied ani- 
mal Subftances, in rotten Eggs, mortified Fleth, 
and the like: whence this feems to be another 
particular Species of Fermentation. 


52. Ic has been difputed, whether there. be i freer: 
real Fermentation inthe prefent Cafe. But fup- tion deter- 
pofing this not to be a Difpute about Words, it 7% 


fhould feem that there is a proper Species of 
Fermentation, peculiar to animal Subjects, as 
there is one peculiar to Vegetables. Till this Point 
be fettled, we fhould not lay down vegetable 
Fermentation, as the Teft and Standard of Fer- 
mentation in general, and fo judge of all other 
Kinds according as they approach to, or recede 
from, this Standard. For want of diftinguifhing 
in this Cafe, all trae Fermentation feems denied 
to the Blood and Juices, circulating in‘a_liv- 
ing animal Body, as wellas to the Sap of Ve- 
getables. But were the Enquiry into Fermen- 
tation profecuted in its full Latitude, and not 

arbitrarily 
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arbitrarily confined to any fingle Species, per- 


haps many natural and artificial] Operations. 
would prove to \be actual Fermentations. To 
fay that there is no Fermentation in the Blood, 
becaufe it affords no inflammable Spirit upon 
Diftillation, is in effect the fame as to fay that 
B.ood is not Wine. Whereas the Queftion is 
not whether there be a vegetable Fermentation in 
the Blood, but whether there be not an animal 
one; the Criterion whereof is the Production of 
4 volatile urinous Salt, as the Production of an 
inflammable Spirit is the Criterion of vinous Fer- 
mentation. 

53. And here is a Door opened for enquiring 
into the Chemiftry of Nature, as it 1s exercifed 
in the Bodies of Men; fo as to difcover the na-. 
tural Means whereby vegetable Subftances taken 
in at the Mouth, by the Way of Aliment, are 
prevented from running into vinous or acetous 
Fermentation ; but are, on the contrary, changed 
into a balfamic, unétuous, and milky Liquor, or 
Chyle, that turns red in the Arteries, recruits 
the Blood, and nourifhes the Body. For all this 
feems to be the Effect of a peculiar animal Fer- 
mentation, the Laws and Procefs of which are 
little confidered. And in this View, the feveral 
Juices of the Body, as the Saliva, Bile, Pan- 
creatic Juice, &?c. may be regarded as animal 
Menftruums, acted upon, and made to act in the 
Body, by determinate Motions, for determinate 
Ends. 


Ill, 


ExperimenT. VIII. 


That there may be a Kind of Fermentation in mine- 
val and metallic Bodies. 


54. We took an Ounce of Lead and as much 


Fermenta- Bifmauth, and melted them together in an Iron 


t7072. 


Ladle; 
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Ladle; then heating two Ounces of Quickfilver 
in another Ladle, we mixed all the three mie- 
tallic Matters together as an Amalgam ; which, 
when cold, appeared perfeétly uniform or homo- 
geneous, and totally pafled thro’ the Pores of 
Leather in a running Form, But this Mixture 
being fuffered to cool, and ftand quiet for fome 
Hours, a grofs Matter feparated from it by De- 
grees, and floated upon the reft; which was left | 
fo thin and fluid, as to pafs through Leather, leav- — 
ing the grofs metallic Matter behind, 

55. Hence it fhould feem that even metal. The Expe- 
lic Matters may have their peculiar Fermenta-riment x. 
tions, as well as vegetable and animal Subjects, ended. 
For when the prefent Experiment comes to be 
carefuily confidered, it appears to have all the 
Requifites of Fermentation, Fer here is, (1.) 
a fluid Form, (2.) an uniform Matter, (2h ans 
inteftine Motion, and (4.) an aétual Separation 
of a groffer Matter, leaving a thinner behind. 
All which Particulars we have found to hold in 
the feveral Species of Fermentation above exami- 
ned. 

50. There are many more Inftances of an 
apparent Fermentation in mineral Bodies, one or 
two whereof it may be proper to mention. Thus, 
if an aqueous Solution of the common green Vi- 
triol be expofed to the Air in the Summer-time, 
and kept continually fupplied with freth Water 
as the former exhales, the erofier metallic Part 
of the Vitriol will fubfide, and the reft gradually 
fhoot upwards all round the Veffel, in Form of 
an unctuous, crufty Matter; till the whole Body 
of the Vitriol is thus fucceffively fo altered that 
the Part fhot into the crafty, unctuous Form, 
will neither become Virtriol again, nor corrode 
any freth Metal; and in all other Refpects 
it appears a different Thing from Vitriol, And 
: ae hence 
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hence feem to proceed the Complaints of the 


Makers of Vitriol, that in rainy, windy,and cloudy 
Weather, their Vitriol-Stones, which lie open to 
the Air, will not fometimes yield a folid cryftal- 
line Vitriol, but only an unctuous Matter, This 
may therefore appear to be a Fermentation in ail 
its Forms, as being attended with a fpontaneous 
inteftine Motion, a fpontaneous Separation of 
conftituent Parts, and a remarkable Alteration 
of the Subject. 

7, It alfo makes to the prefent Purpofe that 
folid and hard Pyrites, or Vitriol-Stones, being 
expofed to the Air and moiftened with Water, 
will, like a vegetable Subject 2), grow hot, fume, 
and even take Fire, as was obferved in our 
fourth Lecture, and afterwards afford Vitriol; 
a Thing very different from the Stones them- 
felves 2). So that, upon the whole, we may 
conclude, that in a proper Senfe, there is an. 
actual Fermentation exercifed, not only in the 
vegetable and animal, but alfo in the mineral 
Kingdom. 


V. 


Axioms and CANONS. 


rt. All the Inftances being duly confidered, 
and a large View of Things taken in, we may 
define Fermentation, in general, a fenfible inter- 
nal Motion of the conftituent Particles of a 
moift, fluid, mixed, or compound Body ; by the — 
Continuance of which Motion, thofe Particles are 
eradually removed from their former Situations, 
or Combinations; and again, after fome vifible — 
Separation is made, joined together in a diffe- 
rent Order and Arrangement. And thus the 

a) See above, Exp. VI. 


b) See Led. 1V. Exp. V. 
whole 


of Fermentation and Putrefaétion. 
whole Pracefs of Fermentation confitts of two 


different Operations, viz. an Analytical one, ~ 


whereby the Particles are refolved, and a Syn- 
thetical one, whereby they are new ranged: So 
that whenever thefe two different Effe&s are 
found to be produced, in dire€&t Sequence, with 
the Circumftances above defcribed, we need not 
feruple to call the Operation by the Name of 
fermentation, whether it happen in the Blood, 
or other animal, vegetable, or minefal Sub- 
ftances a). : 

2, That all feparable, mixed, or compound 
Bodies may be the Subje&ts of this general O- 
peration ; but that the eafier they are feparable 
by Means of Water, Air, and Heat, the more 
readily they ferment 4). Thus the fweet or fac- 
charine Part of Malt, more readily’ diffolving 
in warm Water, ferments eafier than unmalted 
Corn, which is more, clammy and will not 
diffolve fo foon. And hence the Fleth of ani- 
mal Bodies putrifies fooner than the. Bones. And 
this appears to hold in all Inftances c). 

3. That this general Fermentation is divifi- 
ble into many diftin&t Species, particularly. in- 
to vegetable, animal, and mineral d )3 the vege- 
table Kind again into vinous, acetous, and pu- 
trefatiive ; the vinous again into mucilaginous, 
“mouldy, and putrefactive; and fo of the ace- 
tous, Sc. Whence we may deduce a Canon for 
vadjufting all the different Species of Fermenta- 
‘tions; which being once fixed. might put an 
End to infinite ‘hypothetical Difputes upon this 
Subject, and lead to farther Difcoveries both 
In Natute and Art. i 


a) See the whole LeQure, paffim. 
6) See Bap le WT, 
Gc) Seeing. Pe V1. VIE. 

@) See the whele LeGure, palfim, 


4. That 


LA 
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4. That it is in the Power of Man to pre 
vent, ftop, and regulate thefe natural Operations 
at any afligned Point of Time. Indeed it is thus 
we come by our Wines and Vinegars; It is 
thus that Men difcovered the Art of Embalm- 
ing; It is thus we preferve many vegetable, 
and animal Juices, in their natural or unfer- 
mented State; It is thus we preferve Yeaft, 
and Wine-Lees, Subjects extremely apt to pu- 
trefy ; It is thus we can at any Time ftop the 
Courfe of vinous Fermentation, and produce a 
fweet, or half fermented Wine; It is thus we 
cure the Frettings, or other Difeafes of Wines; 
and thus we ftop Mortifications in the Body, 
and Caries in the Bones. And moft of the Ar- 
tifices employed for thefe Purpofes, depend upon 
a Knowledge and Regulation of the phyfical 
Caufes and Inftruments that produce the Change ; 
which Caufes and Inftruments, as we above dif- 
covered, are chiefly, Heat, Moifture, and the 
external Air a). 

5. That a faccharine Matter is the Bafis of 
Wines, Vinegars, and infammable Spirits 2). 

6. That a great variety of found, perfect, and 
wholefome Wines may be made, in Countries 
that do not naturally afford Grapes, by a prudent — 
Ule of Sugar, or Raifins and Water c). 

>. That the Matters called Ferments are of | 
Ule in beginning, regulating, and determining 
the Species of Fermentation ¢). Thus frefh Yeaft — 
determines the Fermentation of Wheat - Flour 
to make our common Bread, which would 
prove of another Kind, if the Flowers or Lees 
of Vinegar were uled. And thus fpecific or de- 


a) See the whole Lecture, pa/fim. 


b) See Exp. I. §. 15. &c. 
c) See Exp. I. 


terminate 


é 
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terminate Ferments have their correfpondent Ef- 
fects. If Sugar, Honey, Manna, Treacle, or 
new Wine be added to Vinegar, themielves are 
foon changed into Vinegar, without ftopping to 
make Wine ; becaufe the acetous Ferment, or Vi- 
negar, over-rules them. And fo Vinegar is foon- 
eft made in a Cafk that has before contained the 
fame Liquor. And if the beft Wine were put 
into a Cafk that had held putrefied Vinegar, 
the Wine would not now make Vinegar, but 
immediately run into Corruption. So great and 
fo decifive a Power have fpecific Ferments; the 
Ufe whereof is therefore evident, and may afford 
confiderable Rules in Chemiftry, practical Phi- 
lofophy, and Arts, . 

8. That the Degrees of Fermentation differ 
with the Degrees of Heat employed a). Thus 
we faw vinous Fermentation required a lefs De- 
gree of Heat than the acetous; the acetous a lefs 
than the putrefactive; which latter may even 
confit with a Degree of Ignition 2). 

g. That a particular Kind of Fermentation 
may be carried on in the living Bodies of Ani- 
mals and Vegetables, which are largely fup- 
plied with the requifite Inftruments of Fermen- 
tation, wz. Water, Air, and Heat: And in Fa& 
both Vegetables and Animals appear to have an 
inteftine Motion in all their circulating Fluids, 
which continually depofite a groffer Matter in 
the Canals and Parts they move through. Whence, 
by our Definition of Fermentation c), this naty- 
ral Act may be accounted a Species of Fermenta- 
tion, producing a Change in the nutrimental Mat- 
ter of Vegetables and Animals, and canverting it 
into their own Subftance. 

a) See Exp. I, II, IIH, IV, V, VI. 


4) See Exp. VI. 
c) See dx. I, 


10. That 
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10. That when Vegetables or Animals die,, 
there foon begins a different Kind of Fermenta-- 
tion inall their Parts ; tending now not to the Re-- 
pair, but to the entire Deftruction, of their orga-- 
nical Veffels, the confufed Mixture of their folidl 
Parts and Juices, and a Volatilization of their 
whole Subftance a). 7 

rz That dry or folid Bodies cannot, in thatt 
State, undergo a proper Fermentation: for tho” 
they may in that State be feparated into minute: 
Particles, yet they cannot range themfelves toge- 
ther in any new Order, nor depofite a groffer Part,, 
without being agitated by fome Fluid, or fufpend-- 
ed therein for fome Time. And hence, in over- 
heated Mines, the Ore is thus analytically de- 
ftroyed, and cannot range itfelf into a metalline,, 
or any other regular Order again, for want off 
the requifite Moifture er Fluidity; whence the 
Matter appears like a Heap of rotten Earth, ort 
what the Miners call Dead Metal b); of which 
we have a remarkable Inftance in the over-heatedi 
or fired Mixture of Sulphur and Iron-Filings ¢). 

12. Thatthe terreftrial, marine, and atmofphe- 
rical Regions have each their proper Fermenta-- 
tion, different in Kind, and fubdivifible into par-- 


‘ticular Species, whereby the Changes of all Bodies: 


one into another are naturally performed d) 3 
And that in Imitation hereof, by a thoroughi 
Knowledge of the natural Agents that produce: 
thefe grand Effeéts, Art likewife may produce: 
extraordinary Changes in Bodies ¢). ) 


a) See Exp. V. VI. 

b) See Exp. VIIL. | 

c) See Le. XIX Exp. III. 

d) See the preceding Ledures upon the Elements. See 
alfo that upon Menfiruums, and the feveral Experiments im 
the prefent Lefure, 

e) See Led. 1. paffim. 
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CONTAINING 


- Analytical Chemiftry; or, the Art of Ana- 
— bfing Vi egetable, Animal, and Mineral Su}- 
fiances, and refolving them into different 


« 


Parts or Principles, 
I. 


A. HE whole of Chemiftry may be com- 
: prehended under the Art of refolving 


Subjef. 


Bodies into their Principles, and of 


Compofing new Compounds from thofe Principles, 
by Means of the common Elements, F ire, Air, 
Water, Earth, and particular Menftruums. We 
fhall accordingly in our prefent Lecture, endea- 
vour to enquire inte the Bufinefs of chemical Re- 
folution, in the vegetable, animal, and mineral 
Kingdoms, with a View to difcover what ufeful 
Principles may be thence obtained ; intending, in 
our next Lecture, to confider the correlative Bu- 
finefs of Compofition : {o that the two together 
May contain a fummary Account of the Nature, 
Office, and Ufe, both of analytical and fynthe- 
tical Chemiftry ; of which the one takes Bodies 
to Pieces, or reduces them to their component 
Matters, and the other, by putting thefe Matters 
or different Pieces together again, in various 
Manners, forms 4 large Set of new Produétions, 
that would be unknown to Nature without the 
Interpofition of Art. And fuch Productions, for 
inftance, are, Brandy, Soap, Glafs, &c, ca 
_.2. But before we enter upon the Enquiry it- 
elf, it is neceflary we fhould diftinétly explain 
9 what 


Principles 


what, 
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what we mean by the Word Principle, about 
which many Difputes have been raifed. . We ae 
muft therefore obferve, that the more intelligent 
among the modern Chemifts do not underftand 
by Principles thofe original Particles of Matter, 
of which all Bodies are by the mathematical 
and mechanical Philofophers fuppofed to confift. 
Thofe Particles remain undifcernible to the Senfe, 
tho’ affifted with the moft finifhed Inftruments ; 
nor have their Figures and original Differences 
been determined by a juft Induction, Leaving, 
therefore, to other Philofophers the fublimer Dif- 
quifition of primary Corpufcles, or Atoms, of — 
which many Bodies and Worlds have been formed 
in the Fancy, genuine Chemiftry contents itfelf 
with groffer Principles, which are evident to the 
Senfe, and known to produce Effects in the Way 
of corporeal Inftruments. And thefe groffer 
Principles are every Way fufficient to anfwer the 
Purpofes of philofophical Chemiftry, which con- 
fifts wholly in Experiment, and the Explanation 
of Faéts and fenfible Operations. Where, by the 
Way, it may be obferved, that Chemiftry is an 
Art extremely well fuited to the Nature of Man, 
as it requires nothing more than the Ufe of fuch. 
Faculties as he evidently finds himfelf poffeffed : 
of. But when once we leave the Oracles of Senfe, , 
and introduce metaphyfical Speculations and Nos} 
tons into Chemiftry, it then becomes a_ corrupts 
Fountain of Hypothefis and Illufion. To recti-- 
fy Chemiftry, therefore, the Rule is to keep clofe: 
to the Information of our Senfes, the Laws of! 
Induétion, and the Ufe of material and fenfible: 
Principles. | 
3. Thefe fenfible Principles, fo far as we knows 
them, are fignificantly expreffed by the common: 
Words, Water, Earth, Salt, Sulphur, and Mer- 
cury : to which might be added the Air, if a Way: 
were 
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were known to fixit, fo as to render it more fen- 
fible, tangible, and corporeal *, 


4. By Water we underftand a fenfible, tranf. “ater. 
parent Liquor, without Tafte or Odour; that 
freezes with a certain Degree of Cold, and liqui- 
fies from that State with a certain Degree of Heat; 

_ that extinguifhes Fire, &c. By the Chemifts this 
is otherwile called Phiegm, | 

§. By Earth we underftand an infipid, dry, Earth, 
- powdery Subftance, that will neither diffolve in 
_ Water, ner burn away ina {trong Fire; but, with 
the Addition of fixed Salt, melts into Glafs. 


6. By Salt we underftand any fenfible Body Salt. 
that readily diffolves in Water, taftes fharp or 
pungent upon the Tongue, and has a great Dif 
pofition to unite with Earth, fo as to appear in a 
jolid Form; as in common Salt, Alum, &%e. 


7- By Sulphur we mean any Matter that will S#/puri 
_readily burn and difappear in the Fire, and that 
will not eafily, or of itfelf, mix with Water. 


8. And laftly, by Mercury we underftand a Mercury. 
fenfible Body that has the Fluidity, Gravity, and 
Appearance of common Quickfilver. 

9. We do not lay down thefe as adequate Defi- 
nitions, but only as fenfible Marks whereby the 
Things meant may be readily known and diftin- 
guifhed for ordinary Ufe. Juft Definitions can 
be drawn only from a full and perfec Difcovery 
of the Nature and Properties of Bodies, which 
we are far from knowing ; nor do we ulually meet 
with any of thefe Principles in a pure and per- 
fect State, unmixed with other Bodies, hen 
they appear to the Senfes to be thus far purified, 
they are the Principles we mean, or what we | 


* See Le, IT. Exp, X, 


ly 2 empha- 
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emphatically call the Chemical Principles; tho’ 
they may be every one of them deftruc¢tible, 
as to that Form: but then they ceafe to be che- 
mical Principles. 

ro, And thus we have endeavoured to fettle 
the chemical Meaning of the Word Principles, 
and to lay down Marks or Criterions for difcover- 
ing and diftinguifhing them, when we meet with 
them hereafter in the following Experiments. 

11. Thefe Experiments we fhall endeavour 
to make as general as we can, and give an 


Example in each of the three Kingdoms, as 


Worme 
avood 


anayled. 


The Exte- 
yiment 
mad gin 
nevale 


they are called, viz. the Vegetable, Animal, 
and Mineral. 


ExpERIMENT I. 


{hat Vegetables are refoluble, by Fire, into four of” 
the chemical Principles, viz. Water, Oil, Salt, | 
and Karth. 


12. We took two Pounds of common Worm- 
wood cut fmall, which we put into a Glafs Retort: 
‘na Sand-Heat, and diftilling with Degrees of: 
Fire, and a frequent Change of Receivers, we ob-: 
tained (1.) an aqueous Liquor, and (2.) an Oil.. 
Then taking out the Remainder, and burning,, 
or calcining it, in the open Air, it turned to aj 
grey Kind of Afhes; which being boiled in faire 
Water communicated thereto (3.) aSalt. Thiss 
Salt we obtained in a dry Form, by letting the: 
Solution ftand at Reft for fome Time, then decant- 
ing the clear Liquor, and exhaling the fuper-. 
fuous Water. And (4.) we found an earthy; 
Subftance remaining at the Bottom of the Wa- 
ter wherein the Afhes were boiled. 


13. This Experiment being well attended to: 
is very inftructive, and fhews that the chemicat 
Printt- 
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Principles above-mentioned are not imaginary or 
fictitious Things; but Things palpable, and evi- 
dent to the Senfes. For here we have a Water, 
an Oil, a Salt, and an Earth, all afforded us by 
a vegetable Subject. And the Experiment may 
be made general without much Variation: for all 


the vegetable Subjects hitherto examined, in this 


Manner, refolve themfelves into the fame gene- 
ral Principles, which differ only (1.) in Refpeé 
of the Kind of Salt; that being in fome more 
volatile, in others more fixed ; in fome acid, in 
others alkaline; and (2.) in the Nature or parti- 
cular Properties of the Oil; which in fome 
Plants is thinner and more fluid, in others more 
grofs and vifcous; &c. But all the Principles 
thus obtained agree to the general Definitions 
above laiddown *. So that there appears to be 
no Vegetable in Nature, but what is thus refo- 
luble into Water, Oil, Salt, and Earth. 
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14. To obtain thefe Principles pure, we mutt The Water 
(1.) feparate all the Oil that may chance to re- purified. 


main fufpended in the Water. This is effected, 
in a confiderable Degree, by the Filtre; which 
being kept continually filling up, fo as that the 
lighter Oil may not come in Coptaé with the 
Paper, the aqueous Part is thus tranfmitted to- 
Jerably free from Oil. (2.) But ftill there may 
remain fome {mall Proportion of oily and faline 
Matter therein? If the faline Matter be acid, the 
way to deftroy it is, to mix a little Chalk, or 
any pure and fixed alkaline Salt, with the Li- 
quor. By this means alfo more of the Oil will 
be fet free; fo that being now filtred again, 
and gently diftilled with a foft Heat, the aqueous 
Part will rife much purer, and pafs for Water 
in the Judgment of the Senfes. (3.) If the Plant 


* Sect. 4—8, 
L 3 was 
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was alkaline, and an alkaline Salt abound in the 
aqueous Liquor, let it be made neutral with one 
that is acid; and thus again the Water may be 
feparated pure, by means of the Filtre and Re- 
diftillation. And this is the Method of mani- 
fefting to the Senfes, that the chemical Principle 
Water is naturally lodged in, and may be fepa- 
rated from all vegetable Subftances *. 


1g. In order to procure the Sulphur, or oily — 
Principle, pure, the unétuous Matter, obtained 


by this general Procefs, may be wafhed from 
its adhering Salts and grofler Earth in warm 
Water, barely by fhaking them in a Glafs to- 
gether, and then feparating the Oil from the 
Water by means of the common feparating 
Glafs; where, if the Oil be fpecifically heavier 
than Water, it finks to the Bottom, and may 
be fuffer’d to run out firft; if fpecifically lighter, 
it'floats a-top, and may by the Finger: applied 
to the Bottom of the Glafs, or fome other Con- 
trivance, be kept behind, when all the Water 
and feculent Parts are run from it. 

16. To obtain the faline Principle pure ; (1.) 
‘f it be of the volatile urinous Kind, the Matter 
may be diffolved in Water, and made to pafs 
the Filtre; then fet in a gentle Heat to fublime: 
for it will thus rife and leave the Water behind, 
as being much more volatile than that. (2.) If 
it be required ftill purer, the beft- Method hi- 


therto known is, to fublime it from finely pul- — 
verized Chalk; then to faturate it with a clean 


Spirit of Sea-Salt, fo as to convert it into a true 


Sal-Ammoniac ; which being mixed with Salt of — 


Tartar, and again fet to fublime, the volatile 
Salt will rife highly purified, fo as long to 
retain its Whitenefs. (3.) But if the faline 


* See Led. ty Exp, I. 


Matter . 
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Matter obtained be of the fixed Kind, the ) 
Method of purifying it 185 to diffolve it in fair 
cold Water; fuffer the Solution to fubfide; then . 
decant the clear Liquor, and evaporate it in a 
clean Iron Pan or Glafs Veffel, conftantly ftirr- 
iti it, till ic becomes dry and white : (4.) Or 
to purify it fill farther and render it perfectly 
white, let it be put into a clean Crucible, and 
expofed for a while amidft the Flame of burning 
Charcoal, but without Melting tt. 
a7. Laftly, to obtain the earthy Principle in Te Barth 
its Purity, let it be thorouglily calcined, boiled -77/e- 
in feveral Waters, in order to get out all its Salt; 
then dry it over a clear Fire, or in the Sun. 
And if thefe feveral Operations be performed 
in Perfe€tion, we then obtain what we pro- 
perly mean by the chemical Principles of Vege- 
éables. | 
18. And tho’ it be not always neceffary for 

the Purpofes of Chemiftry, or the common Calls 

of Life, to bring thefe Principles to the Degree 

of Purity here mention’d, yet there are many 

Cafes that abfolutely require them to be fo puri- 

fied; otherwife the Operations in which they aré 
employed may eafily mifcarry : and this we defire 
‘may be noted as one confiderable Reafon of 

the Failure of particular Experiments and Ope- 
rations, both in Chemiftry itfelf, and in many of 

the chemical Arts; particularly the Art of Glafs, 
Diftillation, Gc. | 

rg. The Ufes of this leading Experiment are Ufes of the 

numérous; we fhall touch upon a few of them. 4+?#r7- 
And firft, we may learn from it that thefe che-””" 
mical Principlés ate found in different Quanti- 

ties in different Ve@etables, or in the fame at 
different Seafons or Times of Growth. Thus, 

for inftance, Olives, Almonds, Mace, ce. con- 
tain fuch an Over-Proportion of Oil, to the other 

i T, 4. Prin- 
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Principles, that it may be copioufly got from 
them barely by Preffure. The Vine in the 
Spring affords a larger Proportion of fixed alka- 
line Salt than at any other Seafon; and the fame 
holds of the Wood ufually burnt for Pot-ath. 
And thus we find that the aqueous and faline 


Principles prefide in Vegetables in the Spring, 


but the oily in the Summer and Autumn; that 
all young Plants abound more with Water, than 
fuch as are full grown; and that Oil is moft 
plentifully contained in the oldeft Trees, and 
thofe of the colder Climates. Whence we are 
directed to the proper Times, Seafons, and Places 
for felling the Timber defigned for Pitch, Pot- 
afh, Fewel, and Charcoal, 

20. By applying this Experiment to different 
Vegetables it has been found, that Vegetables 
are naturally diftinguifhable into two grand 
Tribes, viz. the Acid and the Alkaline; the 
firft affording a volatile Acid, and the other a 
volatile Alkali, upon dry Diftillation. Thus 
Guaiacum, Cedar, Box, Cinamon, Cloves, Sor- 
rel, Mint, Baulm, &Sc. afford an Acid; but 
Garlick, Leeks, Onions, Horfe-radifh, Scurvy- 
grafs, Muftard, &c. afford an Alkali; which, 


when rectified, is hardly diftinguifhable from — 


that of animal Subftances, fo as nearly to re- 
femble the Spirit and Salt of Hartfhorn a). 
21. This Experiment alfo fhews us the Me 


thods of making or procuring Tar, Charcoal, | 


fixed Salt, and elementary Earth, from Vege- 
tables ; four capital Things in Arts and Trades. 
‘Tar is the fcorched Oil of unétuous Wood, forced 
out by Fire, as the grofs Oil is in the pre/ent 
Experiment 6). Charcoal is Wood burnt clofe 


a) See Le. VII. Exp. VI. 
b See alfo Lea. IL. Exp. Til. 


to 
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to Blacknefs 4); Soap, a Mixture of fixed Sale 
and Oil; Glafs, a mixture of Earth and fixed 
Salt ; and elementary Earth makes all the Teits 
and Coppels for refining of Gold and Silver. 

22. Again, the prefent Experiment fhews us 
the Nature of vegetable Fumes, by which, in the 
Way of animal Curation, Fifh and Fleth are long 
preferved, free from Putrefaction or Corruption. 
For where-ever green Wood, or. any acid vege- 
table Matter is burnt, the acid Particles rife 
with the Smoke, and in this Form penetrate and 
lodge in animal Subftances expofed thereto ; 
fo that this Smoke a¢ts upon them in the fame 
‘Manner as the Fume of Spirit of Sea-Salt or Ni- 
tre would do. And whether it be not a nitrous 
Acid which thus tinges the Hams, Herrings, Gc. 
red in drying, we recommend to farther Exami- 
nation. 


23. Our Experiment alfo confirms what was — 


before obferved 4), that the Force of Fire is not 
fufficient to reduce a vegetable Subftance to A thes 
without the Help of the Air, and that fo long as 
the fixed Oil, which caufes the Blacknefs, re- 
mains in a vegetable Coal, it will afford no fixed 
Salt by Decoction in Water ¢). Whence for mak- 
ing Pot-afh, and all the fixed Salts, to Advan- 
tage, we have this Rule, thoroughly to calcine 
the Subject, fo as to leave no fixed Oil behind. 
24. And hence we are alfo inftructed in the 
phyfical Nature of a vegetable Coal, and fee 
how it may have fuch confiderable Effects upon 
Metals, in the Way of a Flux; fince we find it 
contains a fixed Oil, firmly united to the Matter 
of a fixed Alkali; MARL: to. ufe this Coal as 
a Flux, is the fame Thing as to ufe a fixed Salt 


_ a@) See alfo Le. Il. IIT. 
b) Led, II. Exp. IV. 
e) See Led, Il. Exp, IV, 
, in- 
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intimately united with a fixed Oil, which ope- 
rates powerfully upon Ores, as we have formerly 
fhewn *. And fo much for the Avalyfis of Ver 
getables. 


If. 


ExperimMenT II. 


That animal Matters are refoluble, by Fire, into 
the four chemical Principles, Water, Oil, Salt, 
and Earth. 


25. We took four Pounds of animal Bones, 
that had been well boiled to get out their Mar- 
row or Fat, and then thoroughly dried again ; 
and breaking them into {mall Lumps, we put 
them, dry as they were,'into an earthen Retort, 
luted on a Glafs Receiver, and diftilled, with 
Degrees of Heat, in a naked Fire. ‘There firft 
came over in Drops an aqueous limpid Liquor, 
which we referved apart, by changing the Re- 
ceiver. Then increafing the Fire there came 


over white Fumes, a volatile Salt, and a Quan- 


tity of Oil.” The Veffels being fuffered to cool, 

_we found the Bones turned black in the Retort ; 
but being calcined in a naked Fire, with the 
Admifhion of the free Air, they turned to white 
Afhes. Then boiling thefe white Afhes in 
Water, we found by Evaporation that they 
communicated no fixed alkaline Salt thereto. 


The Expe- 26. ‘Uhis Experiment is general, or fucceeds, 
riment ex--with little Variation, in all other animal Sub- 


tended. 


jects, whether they be Flefh, Blood, Serum, 
Fifth, Birds, Snakes, the Whites of Eggs, Horn, 
Hair, Hoofs, Silk, or the like; the principal 
Difference being only, that thefe Subftances 

* See Le. 1. Exp. IIL. See alfo hereafter the Lectures 
wpon Mineralogy and Metallurgy. 


refpectively 
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refpectively contain more or lefs Earth, Water, — 


Salt, and Oil. Thus Blood being diftilled in 
_ its natural State, or as it is drawn from the Vein 
of a healthy Perfon, will yield about feven-eighths 
‘of its Quantity in Water. And ifany animal Sub- 
ject be not well purged of its Oil, by boiling in 
common Water, before it is committed to Di- 
{tillation, it thence affords a greater Quantity of 
a burnt empyreumatical Oil, that ftrongly taints 
and impregnates the volatile Sale and Water, 
with a naufeous Scent and Tafte ; which are hard 
to get rid of, even by repeated Rectifications. 


a 35 


27. The Principles feparated by the prefent Us Us. 


Experiment appear to be, in general, the fame 
with thofe before gained froma vegetable Subject. 
They may be feparately purified and made ele- 
mentary, after the fame Methods as we there 
laid down. And thus, by comparing the Pro-« 
duétions of both Procefles together, we fhall find 
that we have a Water, an Oil, a Salt, and an 
Earth in both Cafes. 

28. The two Waters feem fearce to differ, 
when reduced to the fame Degree of Purity; no 
more do the Qils and the Earths; but all the 
Salt in the prefent Cafe is volatile ; the Athes 
containing no fixed Salt at all: whence this ap- 
pears to be the principal chemical Difference 
betwixt vegetable and animal Subjects, that the 
vegetable Kind yield a fixed Salt by Calcination, 
and the animal Kind, one that is volatile by Di- 
ftillation. But this holds only ofthe acid Species 
of Vegetables ; for the alkaline Species yields 
little or no fixed Salt upon Calcination. So that 
betwixt the alkaline Tribe of Vegetables, and 
the whole animal Kingdom, there feems to be 
little Difference; either in this, or any other 
chemical Refpect *. But tho’ fome Difference 

*' See Led, VIL, Exp. VI. 
thould 
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fhould be found betwixt the animal and vege- 
table Oils, as there is thought to be in the 
Making of Soap, and fome other Inftances ; yet 
the Principles of animal and vegetable Subjects 
may be juftly reputed the fame, as both equally 
agree to our general Definitions of Water, Oil, 
Salt and Earth a) But when the feveral Prin- 
ciples of Vegetables and Animals are reduced to 
the fame Degrees of Purity and Finenefs, there 
feems, fo far as our Trials have gone, to be no 
fenfible Difference between them. ‘Thus the 
pure elementary Earth of Vegetables ferves for 
the making of Tefts and other Purpofes, as well 
as the elementary Earth of Animals; folid Soap 
is made of vegetable Oils, as well as of animal 
Fats ; and the volatile Salt of alkaline Vegeta- 
bles, or even of acid Vegetables when putrified, 
is not to be diftinguifhed from the volatile Salt 
of Animals, when both are thoroughly purged ~ 
and. purified. 

Thani 29» But the Labour and Difficulty required, 
nf Prin. to bring thefe Principles to a high Degree of 
exples bow Purity, has proved a chief Caufe of their being 
purifed. thought different; for we fee that the Oil tena- 
cioufly adheres to the volatile animal Salt, and 
thus adds fome Qualities that do not properly 
belong to that Salt. But if a volatile animal, 
and a volatile vegetable Salt, be each feparately 
converted into Sal-Ammoniac, by Means of 
Spirit of Sea-Salt, no fenfible Difference can be 
found betwixt them. And thus, if a vegetable 
Oil and an animal Oil were equally purified, 
fubtilized, and freed from all the Matters that do 
not eflentially belong to them, they would not 
fenfibly differ. At leaft, this feems confirmed 

by feveral Experiments 4). 

a) See above, §. 4-—8. 
b See Dr. Cox’s Papers in the Philo/ophical Tranfactions. 

go. And 
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33. And hence may fome Advantages be de- Farther 
rived to Arts and Trades, by making the Sub- YW. 
jects of one Kingdom ferve for thofe of the 
other, where the one is cheaper than the other. 

_ Thus, as we before obferved *, a volatile Spirit 
and Salt, like thofe of Hartfhorn, may be drawn 
from the alkaline Species of Vegetables, and all 
putrefied Plants; at leaft from Bones, purged 
of their Fat by boiling in Water. 

31. The prefent Experiment has many other — 
Ufes and among the reft remarkably thews how 
a perfectly dry, infipid, fcentlefs, and folid Bo- 
dy may yield a great Variety of Taftes and 
Odours, barely by being applied to the Fire. 
For the impure Water, the volatile Spirit, the 
Salt and the Oils, have each a particular Tafte 
vand Odour. And tho’ the Subje@ itfelf were 
fixed, we fee it neverthelefs affords feveral vola- 
tile Matters. And as this fixed Subftance was 
originally compofed of a fluid Matter, we are 
hence taught that the animal Solids and Fluids 
have the fame common Nature ; their Difference 
confifting only in a greater or lefs Proportion of 
Water and Earth. For Blood, upon the like 
Analyfis, affords more Water and lefs Earth 
than Bone. 7 

32. This Experiment likewife thews us that 
a Bone may be entirely divefted of its Water, 
Salt, and Oil, without lofing its priftine Fi- 
gure and Dimenfions. For after thofe Principles 
are feparated from it, the elementary Earth, 
tho’ abfolutely dry and friable, ftill hangs toge- 
ther in the natural Form and Figure of the 
Bone ; which thus remains exhautted of all that 
~Matter, which the Fire was able to carry off, 
without affecting the elementary Earth itfelf. 


 * See Le@. VI. Exp. VI, 
‘Whence 
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Whence we evidently fee that the Ufe of this 
elementary Earth, in vegetable and animal Bo- 
dies, is to afford a Lodgment, a Support, or 
Skeleton to the other Principles, which are much 
more diffipable and deitructible than itfelf. 

33. And as our Experiment fucceeds alike in 
all animal Matters, and even in the Jelly ob- 
tained from a Bone by long Boiling, till the ele- 
mentary Earth is elixated, or drained of the other 
Principles ; we hence learn that the Matter of 
thefe other Principles proceeds only from the 
Juices of the Body, where, as well as in the 
Jelly, they appear in an almoft infipid and in- 
odorous State, yet are capable, by Dittillation, of 
affording Subftances fo highly fapid and odorous, 
as we find the volatile Salt and Oil to be. 
Whence this Conclufion naturally follows, that 
thefe Principles did not exift in a volatile State 
in the Body, as requiring even a greater Degree 
of Heat, than that of boiling Water, to fepa- 
rate them, 

34. We may farther obferve that the prefent 
Experiment affords us the moft volati'e Sub- 
ftance hitherto known ; for well-purified animal 
Salt is more volatile than Spirit of Wine, and 
rifes in Diftillation before it, Hence this Salt 
readily evaporates in the open Air, and being 
laid upon the Palm of the Hand goes off infen- 
fibly, without any Effect ; tho’ if it were preffed 
clofe to the Skin, by a fhicking Plaifter, it would 
prove corrofive ; and in this Manner it is fome- 
times ufed, for making Iffues in Children, inftead 
of the ftronger Cautfticks, 


IF. -Ex- 
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If. 
ExperiMenT Ill. 


That certain mineral or metallic Bodies may contain 
four of the chemical Principles, viz. Sulphur, 
Salt, Earth, avd Mercury. - 


r59 


35. We took two Ounces of native Cinnabar Cinnabar 
reduced to fine Powder, and mixing it with fix 27a//ed. 


Ounces of Quick-lime, we put the whole into an 
eathern Retort, and diftilling into a Bafon of 
Water, we found a confiderable Quantity of 
‘running Mercury at the Bottom thereof *. The 
Matter remaining behind in the Retort being 
_ boiled in a Lixivium of Pot-afh, and the Solu- 
tion precipitated with Allum, lets fall a fine Kind 
of Brimftone called Lac Sulpburis, which will 
fublime into true Flowers of Brimftone, that 
may be melted, and run into a Roll. This Brim- 
ftone being burnt, in the common Method, un- 
der a Glafs Bell, refolves into an acid Liquor, 
leaving an uninflammable, {curfy, terreftrial Mat- 
ter behind; which being treated as an Ore, fome- 
times affords a fmall Proportion of Metal, either 
Iron or Copper. 

36. We have here an inftructive Experiment, 
‘ which being fully explained might lead to con- 
fiderable Difcoveries. It fhews that a true run- 
ning Mercury may lie concealed in metallic Ores, 
_ or ftony Earths; for native Cinnabar is but an 
Ore of Mercury, confifting, as we fee, of two 
different Matters, Sulphur and Quickfilver, which 


* We endeavoured to feparate the Sulphur from the Cin- 
nabar, by boiling fome pulverized Cinnabar in a firong Lix7- 
‘pium of Pot-afh and Quick-lime, expecting the Mercury 
fhould fall to the Bottom in a running Form. ; but had no 
Succefs at the End of two or three Hours. 
filver ; 
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filver, which are feparable by Diftillation with 
Quick-lime or Iron Filings; and fometimes by 
long Boiling in a ftrong alkaline Lixzvium. 

37. It were highly proper, if poffible, to ren- 
der the prefent Experiment general ; and, if the 
Nature of the Thing would admit thereof, apply 
it to extract a running Mercury from Metals, as 
we have here done from a native Ore or mineral 
Subftance. For the more intelligent Chemifts 
agree, that the true Analyfis of metalline Mine- 
rals depends upon what is called their Mercurif- 
cation; that is, the obtaining Mercury from 
them. And for this Purpofe there are three. 
Methods 'propofed. The firftis by Means of a cer- 
tain Mercury, fo prepared as to have a diffolving 
Power, and to take up the Mercuries of Metals, 
in the fame Manner as Water diffolves Salt from 
Afhes.. The fecond is by Means of certain re- 


“ generating Salts, particularly Sal-Ammoniac, which 


fhall detain the more earthy Parts of Metals, and 
leave their Mercuries feparable from them by 
Sublimation or otherwife. And the third Me- 
thod is by Means of a large Lens, or double 
Convex Glafs; in the Focus whereof, if any 
Metal be applied, its mercurial Part is faid to 
feparate and go off in Fume, which when col- 
lected and condenfed appears to be running 
Mercury. 

38. The firft Method would be eafy, if the 
proper Mercury for the Purpofe could be readily 
procured. The fecond is extremely laborious, 
and requires much Patience, and Reiteration. 
But the third feems eafy enough, and practicable 
to Advantage, when a Glafs of three or four Foot 
in Diameter is at hand, the Sky ferene, and the 
Sun fhines ftrong *. 


* See M. Homberg’s Experiments, with the Duke of Or- 
leans’s Lens, in the French Memoirs. 
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39. Let us not be mifapprehended as if we were 
here launching out beyond the Confines of ge- 
nuine Chemiftry, whofe Office it is to keep clole 
to the Senfes, without indulging any Degree of 
Speculation and Hypothefis: we only mean to 
give an Occafion for proper Trials to be made, 
which alone can determine whether running Mer- 
curies are obtainable from Metals, or whether a 
fixed Metal may not be obtained from running 
Mercury. Indeed we fhould be wanting to the 
Art we are endeavouring to improve, if we 
did nor, at a time when almott every Chemitft in 
England is preparing the Mercurius precipitatus 
per ‘fe, requeft them to try whether a {mall Por- 
tion of their fluid Mercury is not by the Opera- 
tion fixed into a folid Grain of Metal; and if fo, 
what Metal it is, and whether more of it be not 
procurable by grinding their Precipitate, ex- 
pofing it again to Digeftion, and repeating this 
Operation for a Number of Times fuccefflively, 
till it may happen that Part of it will bear 

the Cupel. 

~ ao. In the fame View we recommend it, to 
thofe who defire the Improvement of Chemiftry, 
that they would procure a double Convex-Glafs, 
three or four Feet in Diameter, and try whether, 
when a Metal is expofed to the Focus thereof, 
the metallic Matter which goes off in Fumes, 


being collected by a proper Veffel dextroufly ap-_ 


_ plied and plunged in cold Water, may not be 
thus condenfed, and affume the running Form 
and other Properties of an aftual Quickfilver. 
If thefe Experiments fucceed, they may richly 
repay the Coft, by ufeful | Knowledge at leaft. 

Pai. Butte proceed ; we are farther to obferve 
from the foregoing Experiment, that as common 


Brimftone refolves itfelf-into an acid Ligquer and 


an earthy Matter, we find that certain mineral 
M oF 
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or metallic Subftances will, by a proper Analyfis, 
afford the four chemical Principles above men- 
tioned ; viz. running Mercury, Sulphur, Salt, 
and Earth. But it is not fuppofed to hold unt- 
verfally, that all mineral Subftances fhould afford 
a running Mercury upon their Analyfis ; but on- 
ly fuch of them as are properly metallic. 
Refult of . 42° So far as the Analyfis of Minerals has 
the Analy. been carried, it fhould feem that all Metals con- 
fs of Mi- tain a running Mercury, fixed in them, as Water 
merals. — ig fixed in dry animal or vegetable Subftances a), 
and joined with a Sulphur, or an inflammable 
Part, and an Earth; befides a little Salt in fome 
of them 4). The Foffil Salts refolve into a large 
Quantity of Acid, which is always united with 
fome Sulphur, and a fmall Proportion of Earth. 
Moft Stones refolve into a large Proportion of 
Earth, and a fmall Quantity of aqueous and ful- 
phureous Vapour. And Earths refolve into a 
mere terreftrial Subftance, a little aqueous Acid, 
and a {mall Proportion of Sulphur. 

43. Upon the whole therefore we may conclude, 
that the five Principles above laid down, wz. 
Water, Earth, Salt, Sulphur, and perhaps. Mer- 
cury, are the true Chemical Principles of vege- — 
table, animal and mineral Subftances ¢). 


Axioms and CANONS. 


1. It appears from our preceding Enquiry, | 
That genuine Chemiftry confifts in a legitimate 
Ufe of the Senfes, keeping entirely to fenfible 


a) See Le. Il. ad finem. 


b) See M. Hosberg upon the Chemical Principles, in the | 
French Memoirs. . 
~ ¢) No notice is here taken of Air as a Chemical Principle, , 
for the Reafon before afligned, See above, § 3. See alfo) 
 Le&. WY, pafiim. 


Things: 
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Things, or the Law of indudtion, for its Prin- 
ciples and Explanations a), but, if it once in- 
dulges hypothetical Notions, Fiction, INufion, and 
Darknefs enfue, inftead of fure Rules, ufeful 
Difcoveries, and Light to the Underftanding. 

2. ‘I’hat the common chemical Principles are 
juftly faid to be Water, Earth, Salt, Sulphur, and 
Mercury; whereby many chemical Effects are 
_ explicable to common Senfe and Reafon, fo far 
as to afford Rules of working, to the Advantage 
of the Art and of ordinary Life 2). phos 

3. That as animal and vegetable Subftances 
are refolvable into the fame Principles 4), there is 
no Neceffity for making more than two Diftinc- 
tions or Claffes of chemical Principles, viz. the 
Vegetable and Mineral; which feem to differ 
chiefly inthis, that the metallic Species of Mine- 
rals may afford a running Mercury, whereas the 
vegetable and fimple mineral Species will not. 

4. That the different Combinations of thefe 
five chemical Principles make all that vaft Variety 
of natural and artifical Bodies, which have hitherto 
been analyfed by the Fire ; the Difference of thefe 
Bodies appearing to arife from the different Pro- 
portions wherein thefe Principles are mixed. 
Whence, unlefs we except the Air, there feems 
no Neceflity for introducing a larger Number of 
Principles, to account chemically for all the va- 
rious Phenomena of Nature and Art. 

5. Chat the correfpondent animal and vegetable 
Principles may in many Cafes be ufed for one an- 
other; fo as to render volatile Salts and Oils 
cheaper, and leffen the Expence attending their 
Ufe in particular Arts and Trades 4). 


a) See the whole Ledture, pa/im. 
0). Se Lapel. Tl, 
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6. That in order to leffen the Trouble and Ex- 
pence of procuring the volatile Salts of animal 
Subjects, thefe Subjects fhould be firft purged of 
their Oil and unctuous Parts by boiling in Wa- 
ter: after which they may be made to afford vo- 
Jatile Salts and Spirits, as pure as unboiled Hart- 
fhorn, or purer a). But care muft be taken not 
to boil the Subject too long, otherwife a Jelly 
will alfo be drawn out of it; which Jelly plenti- 
fully contains the Matter of the volatile Salt. 

7. That the unrectified volatile Salts of vege- 
table and animal Subftances are true Sales volatiles 
oleofi, that according to the Difference of the Oil 
abounding inthem, they are properly diftinguifh- 
ed into Salt of Hartfhorn, Salt of Ox bone, Salt 
of human Blood, of Silk &c. But that when thefe 
Oils are totally feparated from them, they be- 
come one and the fame undiftinguifhable vola- 
tile Salt 4). 

8. That the fo called volatile Spirits of vege- 
table and animal Subftances, confift only of a 
large Proportion of Water, impregnated with fome 
of the volatile Oil and Salt of the Subjects; and 
that they may accordingly be refolved by Rectifi- 
cation into thefe three Principles ; fo that there 
is no Necefiity for introducing a fpirituous Prin- 
ciple 2). 

g. That itis the Admixture of Oil which gives 
the Colour to volatile Salts and volatile Spirits ; 
for when this Oil is totally feparated from them, 
the Salt is permanently white, and the Spirit 
pellucid c¢). | 


a) See Exp. II. 
b) See Exp.1, Il. 
c) See Exp. II. 


10. That 


4 
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10. That volatile Salts are obtainable from all 
Kinds of Land Animals, the amphibious and 
fubterraneous Tribes, Birds, Fifh, and Reptiles ; 
from alkaline Vegetables without Putrefaction ; 
from other Vegetables after Putrefaction ;° from 
Soot, Horns, Hoofs, and all refufe animal and 
vegetable Matters, fuch as the Pith of Horns, 
Urine, the Blood of Slaughter-houfes, &c. and 
that as pure and perfect as from Hartfhorn: 


Which affords a Rule for making volatile Al- 


kalies and Sal-Ammoniac cheap in England. 

11. That elementary Earth, a Subftance fixed 
and of itfelf unalterable in the Fire, Air, or Wa- 
ter, conftitutes the firm Bafis, or Skeleton, of all 
animal and vegetable Subftances ; and that Wa- 
ter, Salt,and Oil mixed, and wedged betwixt the 
Particles of this Earth, conftitute all animal and 
vegetable Subftances a). 

12. That there is only one Kind of volatile 


alkaline Salt, when reduced to abfolute Purity; 


the apparent Difference betwixt the volatile Salts 
depending entirely upon the different Oils where- 
with they are mixed 4). 


13. That by endeavouring to purify the che- 


mical Principles too high, we do but deftroy 
their Natures c), or lofe the Properties whereby 
they produce their fpecific Effects. Thus Oilsare, 
by numerous repeated Diftillations, loft in the 
form of Oils, and turned into Earths; volatile 


Salts fly away in repeated Sublimation ; and 


fixed Salts turn to Earth by repeated Solution 


‘and Filtration d). 


14. That animal Bodies naturally contain no 
fixed Salt, tho’ the acid Vegetables, which are 


a) See Exp. I, II. 
6) See Exp. I, Il. See alfohereafter the LeGture upon Qils. 
EY eC doe. uk. 

d) See Mr, Boyle’ s Sceptical Chemif. 
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ufed as Food, contain it plentifully 2). Whence 
there is lodged in the Body a Power of convert- 
ing the Matter of fixed Salt into the Matter of 
volatile Salt. . 

15. That the volatile animal Salts, and the fixed 
vegetable Salts, differ chiefly with regard to their 
Volatility and Fixednefs, and the Effects thereon 
depending ; but agree in other Refpects. Thus 
they both make an Effervefcence, and turn 
neutral, when faturated with Acids; they are 
both corrofive, hot and fiery, &e. a). 

16. Vhat a principal Reafon of the Difficulties 
attending the Analyfis of Bodies, is the natural 
Affinity, or Relation, which fome of the chemi- 
cal Principles have to others ; whence they cohere 
{trongly together, fo as not to be well feparated 
pure 2), Thus part of the volatile Oil of Animals 
ufually rifes with the fame degree of Heat as 
the volatile Salt, and intimately mixes there- 
with, &c: Whence, to improve Chemiftry, we 
fhould feek out for other analyfing Powers be- 
fides Fire. And fuch an one in the prefent Cafe 
is Water ; which imbibing the volatile Salt, 
more ftrongly than it does the Oil, thus makes a 
more perfect Separation; whereas Fire chiefly 
acts as an Analyfer, when there is a confiderable 
Difference between the Volatility of Bodies; as 
in a Mixture of Water, Alcohol, and volatile Salt, 
all which rife feparately after one another; the 
volatile Salt firft, the Alcohol next, and the Wa- 
ter laft. 

17. That the Mercuries of Metals may be 
real things, and procurable different Ways; and 
that poffibly thefe Mercuries, or the common 
running Mercury, may be convertible into Me- 


a) See Exp. I, Il. 
b) See Exp. I, I, Ul, 


Car 
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tal. But this Matter requires a farther Exami- 
nation, and fhould be brought under the direct 
Evidence of Senfe a). - 

18. Laftly, that there are certain Inftruments 
and chemical Operations, which though little 
attended to may afford great Light to the Un- 
derftanding, and prove highly advantageous in 
chemical Philofophy and Arts: we inftance, for 
the prefent, the Mercurification of Metals, the 
powerful Furnace of the Sun, the artificial Ule 
of the common Elements, &¥c. @) all which we 
recommend to the farther confideration of che- 
mical Philofophers. 


a) See Exp. Il. 
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, CONTAINING 


Synthétical Chemiftry; or, the Art of Re- 


composing Bediés, 


1. WN our laft Lecture we endeavoured to ex- 

plain what the more intelligent Chemiits 
underftand by. analytical Chemifiry, or the Refo- 
lution of Bodies; in the prefent we propofe to 
give fome Inftances of Recompofition, or the 
compounding of Bodies from their feparated 
Parts or Principles, fo as to compofe the Ori- 
ginal whole again. This indeed is extremely 
difficult to effect univerfally ; yet it may be done 
in fome cafes fo accurately, that the recompofed 
Body fhall be perfectly undiftinguifiable, by the 
Senfes, from that which had never been feparated 
by the Fire. And if the Art of Chemiftry were 
perfect it would be able thus to recompote, at 
leaft in fome tolerable manner, all the Bodies it 
divides. At prefent it is far from this Perfection, 
efpecially in the vegetable and animal King- 
doms; where, by reafon of the vafcular Texture 
of the Parts, fuch a Recompofition feems almoft 
impracticable, unlefs the natural or organical 
Structure be fome way or. other preierved, or 
artificially imitated. We are therefore carefully 
to diftinguifh betwixt the Regeneration of orga- 
nized, and the Regeneration of unorganized 
Bodies, Asthe latter 1s much the more fimple 
and eafy, we fhall begin with that, and afcend 


o 
by degrees to the more complex Kinds; fo as to 


fhew 
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fhew where this Regeneration may be rationally 
expected, and where it is lefs to be hoped for ; 
together with the ways of carrying this Part of 
Chemiftry to greater Perfection. 

2. This* Synthetical Chemiftry, taken ‘in ‘the Synthetical 
ftrict Senfe, for the Recompofition of Bodies C2emifry. 
from their own Principles, is rather of philofo- 
phical than ordinary Ufe. And it will doubtlefs 
be afked, to what Purpofe do we ftudioufly en- 
_deavour to recover thofe Bodies by Art, which 
Nature affords us in plenty? We anfwer, it 
would fhew an extreme Perfection and Power in 
Chemiftry to be able to do this, and prove, 
either that Bodies might be taken to pieces by 
the Fire, without altering or injuring their natu- 
ral Parts, or at leaft that any accidental Altera- 
‘tion brought wpan them by the Analyfis, might 
eafily be rectified or abolifhed by a Recompo- 
fition. 3 | 
3. But here we are to guard againft a Fallacy: 

for fuppofing the Art of Chemiftry fo far ad- 
vanced as to reinftate Bodies after their Ana- 
dyfis, we muft not thence conclude that Nature 
originally ufes the fame Means to compofe them. 
The Ways fhe ufes for this Purpofe would fill 
be a new Enquiry, and ought to be diligently 
profecuted, for the farther Improvement of Pdi- 
lofophical Chemiliry. 

4. Our firft Example of Recompofition is 
‘taken from Nitre, the fecond from Brandy, the 
third from Cinnabar, and the laft from Bone. 


EXPERIMENT I, i 
The Regeneration, or Recompofition of Nitre, from 
its own acid Spirit and fixed Alka. 


Nitre ana- 


5. We took two Pounds of refined Salt-Petre 7 37 "7 


reduced to Powder, and putting it into a Glals- jeduced 16 
| Retort a Spirit. 
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-.Retort poured upon it a third of its own 


And a fix- 
ed Salt. 


Recom- 


jofed. 


Weight of rectified Oil of Vitriol; then placing 
the Retort in a Sand-heat, and luting on a large 
Receiver, we diftilled with degrees of Fire, up 
to the higheft that Sand would give. Then fut- 
fering all to cool, we thus obtained a pure and 
{trong Spirit of Nitre; which came over in red 
Fumes, and cannot, by any Experiment, be 
found to participate of the Oil of Vitriol ufed 
in its Preparation. 

6. On.the other hand, we took a Pound of 
purified Nitre reduced to Powder, and melt- 
ing it in an earthen Crucible, caft little pieces | 
of Charcoal into it fucceffively, till the Defla- 
gration ceafed, and the Salt at the Bottom of 
the Crucible appeared fluggifh, or would no) 
longer keep fluid, with that Degree of Heat: 
which melted it before. Then increafing the Fire,, 
fo as to make the Salt run again, we poured it: 
out upon a clean metalline Plate, where it con-- 
geal’d into a Subftance called fixed Nitre. 

7. And thus, at two different Operations, we: 
refolved the fame Subject, Nitre, into two very! 
different Parts; which being put together again,, 
after a proper Manner, conftitute the originall 
Salt again, in all its Forms. dl 

8. For if the alkaline Solution of fixed Nitre; 
in Water, be exactly farurated with the acidi 
Spirit of Nitre, till no more Effervefcence ap= 
pears, and yet the Mixture be not made alka-- 
line; this compound Liquor will, by ftanding;, 
fhoot into true and perfect Cryftals of Nitre, ass 
we found upon Trial. And the Experimentt 
fucceeds no lefs, if any other fixed alkaline Salt,, 
as that of Tartar, Pot-afh, €@c. be ufed infteadi 
of fixed Nitre. 

g. And in the fame manner may common) 
Salt be regenerated from any fixed alkaline Salle 

and 
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and the acid Spirit of Sea-Salt; or Alum, from 
any fixed’ alkaline Salt and Spirit of Alum; fo 
as to afford us Inftances of the juftcit Recom- 
pofition perhaps hitherto known in Chemiftry, 


10. It is remarkable in this Experiment, that w.. 


the two Subftances which compofe the Nitre are 
extremely different; the one being highly odo- 
rous and volatile, the other inodorous and fixed ; 
the one a violent Acid, the other a violent Al- 
kali; but upon mixing, they unite into a neutral 
Salt, of the very fame Nature and Properties with 
that which afforded them. 

11. From this Experiment fome have ventured 
to afirm that Nitre is naturally generated in the 
fame manner; but this fhould not be allowed 
till it is fhewn that fuch an Acid and fuch an Al- 
kali are to be found diftinct in the places where 
Nitre grows. And we cannot too well remem- 
ber, that there may be feveral phyfical Ways of 
effecting the fame Thing; all which Ways are 
not to be prefumed, but fought. Was 

12. Tothis Clafs of artificial Recompofitions 
may be added the Reproduction of Sulphurs and 
Vitriols ; tho’ the Experiments do not commonly 
fucceed in Perfection. Indeed, as we above ob- 
ferved that the Thing itfelf is chiefly of philofo- 
phical Ute, for that Reafon very few have endea- 
vyoured to profecute it. 

_ 43. In our prefent Experiment we may ob- 
ferye that the Nitre, tho’ in both Cafes it fuffers 
a great Violence of Fire, is neither fcorched nor 
rendered empyreumatical ; which in other Cafes, 
where the Subject is more oily, feems a principal 
Caute of the Difficulties found in the regeneration 
of Bodies; particularly fuch as Sugar, Turpen- 
tine, Amber, &%c, Whence we are directed to 
analyfe thefe unétuous Bodies, with fuch a degree 
of Heat as fhall not fcorch their Oil, if we de- 
| 3 fire 
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fire to recompofe them; or elfe to_ find out 
fome more proper Analyfer for them than the 
Fire; fuch as particular Solvents, capable of fe- 
parating, and others of reuniting their compo- 
nent Parts, without having this deftru¢tive Effect. 
14. The Solvents here intimated might have 
confiderable Ufes, if a competent Set of them 
were difcovered, as directly tending to the Im- 
provement both of analytical and fynthetical Che- 
mifiry. Thus Water in fome Cafes is a better 
Analyter than Fire, as we fee particularly in 
the feparating of Salts from Earths; and thus 
fome Chemi{ts are faid to have a Method of re- | 
covering analyfed Amber, or Amber diftilled for 
its Salt and Oil; and that by means, not of the 
Fire, but of an artificial compound Salt ; the In- 
ftances of which Kind fhould be collected. 


ExrPpeErRIMeEnNT If. 


Brandy refolved into its component Parts, and 
recompofed, 


15. (1.) To a Pint of Brandy we added half’ 
a Pound of dry Salt of Tartar, then, fet the con- 
taining Glafs in a gentle Heat of Sand; where: 
we obferved the Salt to diffolve into a Liquor, | 
by ‘attracting to itfelf the Water of the Brandy, 
Jeaving a Spirit of Wine floating on the top. 
This Spirit we decanted upon a little more dry” 
Salt of Tartar, and found that this fecond Salt: 
{carce relented. ‘Then pouring the Spirit into a1 
Glafs Receiver, we diftilled it gently over, andl 
thus obtained a highly rectified Spirit of Wine.. 
(2.) In the fame manner we diftilled the faline So-- 
lution left behind upon decanting the Spirit, andi 
thus obtained the Water of the Brandy in confi-- 
derable Purity, leaving the Salt of Tartar behinds, 
otil in} 


Of Synthetical Chemifiry. 


in adry Form. (3.) In the laft Place, we mix- Ard re- 
ed the Spirit and the Water together, and di- “2/4 


rectly found the Brandy recompofed, without 
any confiderable Alteration. 

— 16, The Separation and Recompofition is how- 
ever lefs exact in the prefent, than in the pre- 
ceding Cafe ; becaufe fome fmall Part of the Salt 
will always ‘come over in Diftillation, both with 
the Spirit and with the Water: but when the Ex- 
periment is performed in Perfection, it may pafs 
for a tolerably exact Recompofition. 


17. Yo this Clafs may be added the Recom- The Expe- 
pofition of Wine, after its Spirit or Brandy has *#7# ¢ 
been diftilled from it, and the Recompofition of soot 


Vinegar from its Spirit and Refiduum. Though 
both require a new Fret, or flight Fermentation. 
Yet if the Operation be dextroufly performed, 
the Recompolition appears to be juft and perfeét. 
To render the Operation perfect in either Cafe, 
we recommend the Ufe ot a proper intermediate 
Subftance, either fermentable, or actually in a 
fermenting State; fuch as a little new Wine, 
Sugar, Juice of the Grape, or the like: for 
thefe Subftances coming to work in the Liquor, 
Jay hold both of their aqueous, fpirituous, and 
faline Parts; fo as to bring them into the State 
of Mixture or Arrangement, on which their Per- 
fection, as Wines and Vinegars, depends. And 
how far this Method of Recompofition may be 
extended feems hitherto little confidered. . 
18. In our prefent Experiment for the Recom- 
pofition of Brandy, there are only two contti- 
tuent Parts concerned, viz. Alcohol and Phlegm ; 
which renders the Separation and Combination 
fo much the eafier and the more exact : nor is 
there any Occafion here for an intermediate Sub- 
ftance, to procure, or recover, the natural Union; 
becaufe Alcohol readily mixes with Water, barely 


by 
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by fhaking, and that as intimately as is neceflary 
to the Conftitution of Brandy. 

19. In Imitation of this Experiment, it 1s pro- 
per to enquire what other Bodies may be perfectly 
feparated into different Parts by the Way of 
Menftruum, Abforbent, or Precipitant; fo as 
to leave the feparated Matters unaltered in their 
Natures, and fit to compofe the original Sub- 
ftance again. This Enquiry depends upon find-_ 
ing out the fecret Relations which exift between 
particular Bodies; and thefe Relations can only 
be difcovered by particular Trials a). | 

20. This Experiment fhews an ufeful Method — 
of obtaining Spirit of Wine from Brandy, with- 
out Diftiliation, which may be practifed to advan-- 
tage in the large Way of Bufinefs ; wiz. by adding | 
Pot-ath to the Brandy once diftilled, and brought: 
to the Size commonly called three fifths, that is, , 
three Parts Alcohol and two of Water: For the: 
Pot-afh fo employed is eafily recoverable without: 
much lofs, barely by boiling the Lixivium in ani 
Iron Pot; by which Means being dried it willl 
ferve for the fame Purpofe again. This flight: 
Experiment has proved of eminent Service, where: 
large Parcels of Brandies have been to be rectified! 


in a fmall Compafs of Time. | 


Experiment III. g : 


Cinnabar recompofed, by the Union of its two com-- 
ponent Parts, Sutphur and Mercury. | 


21. Having found, in our laft Lecture, thatt 


reconpof d. native Cinnabar is compofed of Sulphur and Mer-: 


cury 4), we took four Ounces of common Brim-; 


a) See M. Geoffroy’s Paper to this Parpofe in the French! 
Memoirs. 


b) See Lea. VIII. Exp. UL. 


{tone;’ 
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ftone, and melting it in a earthen Pan, over a 
dull Fire, added by Degrees twelve Ounces of 
crude Quickfilver, firft made warm, and ftirred 
them well together, till no Globules of the Quick- 
filver appeared ; then fuffering the Mais to cool, 
we reduced it to Powder, and fublimed it, with 
a proper Degree of Heat; and thus obtained an 
artificial Cinnabar, which being ground fine, and 
compared with the natural, appeared undiftin- 
guifhable from 1t. 


22. The regenerated or artificial Cinnabar has yg, 


not the ftony Form of the native; this Form 
being accidental in the Mine, and determined 
by the Circumftances of the Place, as the Form 
of the regenerated Cinnabar is by the Figure and 
Make of the Veffel wherein it was fublimed. 
But if the two be compared together, in all other 
Refpects there appears no Difference, when the 
Operation is juftly performed. 

23. This Experiment fhews us the common 
Method of preparing artificial Cinnabar, which 
may, in the large Way of Bufinefs, be thus 
fublimed in a tall earthen, or coated Body, with 
its Head well luted on, and fo placed in a Sand- 
Heat as to touch the Bottom of the Iron-Pot, 
whilft the Sand rifes above the Matter contained 
in the Vefiel. - And here it is a principal Caution 
to -ufe a brifk Fire, that the Operation may be 
finifhed in three or four Hours Time. And pro- 
bably, if only one Part of Sulphur be ufed to 
about four Parts of Quickfilver, the Cinnabar 
will be the finer; for about thirteen Ouncés of 
tunning Mercury may be recovered from a Pound 
-of native Cinnabar. 

24. And thus we have an Inftance of a perfect 
Recompofition, in a metallic Body, or Subjecé& 
of the mineral Kingdom: for the Experiment 
~fucceeds alike, when the Sulphur and wate 
of 
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of native Cinnabar is ufed a). To this Clafs 
‘might be referred the Reduction, or Recovery; 


of all the Calces of Metals to a metallic Form 
again, by the Addition of .any inflammable Mat- * 
ter, which they lofe in their'Calcination ; as alfo” 
the Regeneration of Antimony, by melting its 
Regulus with Sulphur ; the Regeneration of Ores, 
by melting their Metals with Sulphur, ftony Earths, 
€¥¢, fo as to mix them again; and all other Inftances 
of this Kind. me | 
25. The prefent Experiment is of confiderable 
ufe, particularly in natural Philofophy, and Me- 
tallurey ; as it fhews us that a very large Pro- 
portion of fluid Mercury may, by Means of a . 
very fmall one of Sulphur, be fixed into a Body 
of a ftony Hardnefs, {uch as the native Cinna- 
bar. Whence we fhould not be over-hafty to 
conclude that Mercury cannot affume a metalline 
Form a). Some metallurgical Chemifts con- 
tend, that Mercury is nothing elfe but a Metal, 
overdofed with that Part which gives ductility 
and foftnefs, which remarkably belong to all the 
Metals when amalgamated with Mercury. In 
fhort, whoever duly lays together all the Pro-- 
perties of Mercury, may perhaps find Caufe to. 
allow it a metallic Nature 4). 


ExpERIMENT IV. 
An Attempt to recompofe Bone from its Afbes. 


26. (1.) We took a large Ox-Bone, and made 
a ftrong Jelly thereof with Water in the Di- 
geftor c); then (2.) in an open Fire we burnt and 
calcined the Bone to whitenefs, without deftroying — 
a) See Le#. VIII. Exp. II. 
b) See the Place laft quoted. 
) See Led. VI. Exp. VIL 


its 
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its external Figure; fo that in other refpects the 
Bone was reduced to mere Afhes, or feparated 
from the Principles of Water, Oil; and Salt, 
which it originally contained; In this ftate we 
found it extremely brittle and crumbly ; but (3.) 
putting it into the Digeftor again with the Gelly, 
and watming them together over the Fire for 
fome time; then taking the Bone out, and fuf- 
fering it to dry in the open Air, we found that 
it gradually hardened; and recovered, in fome to- 
lerable Degree, the Appearance, or Colour and 
Confiftence, of the natural Bone. _ wi 

27. Gelly; by an Analyfis, is found to yield 
the fame Principles as Bone itfelf 2) ; or to contain 
the matter, not only of Water, but of Sale and 
Oil, and a little Earth: fo that toufe this Gelly, 
is the fame thing as to ufé the Water, Sale and 
Oil; all which being thus together foaked into 
the Skeleton of the Bone, reftores it in fome 
Degree to its natural State. . 

28. But to ufe the direct volatile Sale and 
Oil of the Bone for this Purpofe, were to ufe 
two things which did not exift in thofe Forms in 
the Bone ; for to feparate the volatile Salt and 
Oil from Bone, requires a much greater Degree 
of Heat than that natural to an animal Body ; 
fo that they are never thus feparated in the Body, 
whilft that remains in its natural State. Yet a 
Degree of Hardnefs (with Difcoloration, on ac- 
count of the black and fcorched Oil of the Sub- 
ject) miay be given to Bone-Athes by the feparated 
Oil, or even by Water, as we fee in Tefts, 
_ 29. We were farthet encouraged to ufe the 
Gelly of the Bone in this Experiment, from ob- 
ferving by repeated Operations in the Digeftor 4), 
that all the active Principles of the Bone might 

@) See Leé. VIII. Exp, I: 


b) See Le#. VI Exp. Ve. 
N be 
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be got out and united with the “Water added 


to extract them; fo as to leave nothing but a 
fittle Earth behind, refembling the Afhes left. 


upon a dry Calcination in a violent Fire. Whence 


we are plainly inftructed in the Nature of animal 
Gelly, with its Ufes to the Body. Anda hence 
alfo we learn the Nature of Mucilages, Size, Glues, 
and may underftand many things relating to Me- 
dicine, the animal Oeconomy and Arts. 

30. This Experiment might be rendered more 
fuccefsful, if we could procure the tesacious Glue 
or Cement, which obftinately remains in the 


Pores of the Bone, even tho’ long detained in the — 


Fire. This Glue feems to be an intermediate Sub- 
ftance, of a middle nature betwixt Gelly and ele- 
mentary Earth; whence it were proper to try 
whether, by grinding the elementary Earth fine 
and digefting it with Gelly, fome fuch tenacious 
Glue could not be procured. This alfo might 
open the way toa Hiftory of Glues, which is ex- 
treamly wanted in Chemiftry, natural Philofophy, 
and Arts. 

31. Ifa promifcous Mafs of elementary Earth 
be ufed, inftead of that which retains its natural 
vafcular Form, a Kind of Callus will be thus 
produced, inftead of a regular Bone. Whence 
we may be enabled to judge of the Nature of the 


‘Callus formed in the Bones of Animals. 


32. After the manner of our prefent Experi- 
ment, we might alfo attempt to recompole ve- 


getable Subjects, But before any thing of this 


Kind is done to Perfection, Chemiftry will require 
the Affiftance of mechanical Contrivance, and 


many Improvements from the Anatomy of Plants; 


particularly it muft learn to preferve the native 
Spirits of Vegetables, upon the Analyfis, or 
elfe the artificial ways of imitating and intro- 
ducing fuch Spirits into the Subjeét.. Thefe Spi- 

rita | 
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‘rits ‘are extreamely apt to fly off with Heat, yet 

may-in good Meafure be collected and. preferved 

by Art. And-unlefs they are thus preferved, the 

Subjects will want theirnative Taftes and Odours, 

which depend upon thefe Spirits, or fubtile, vo- 

‘Tatile Matters. 

33. The higheft Degree of Recompofition 1s, Pexfet 
when a Body is perfcétly refolved into its Prin- 7" ne 
ciples, (fuppofe a Vegetable Subje@ into Water, 7” 
Salt, Oil, and Earth) and thefe are again put to- 
gether, fo as to form a Subject undiftinguilhable 
from: the Original. ~In order to attain this 
Perfection, let the thing be firft tried in fimilar, 
unorganized Bodies; as Glafs, Turpentine, Am- 
ber, Vegetable Juices, ‘Wines, Sulphurs, Ores, 
‘&c. proceeding by flow Degrees, up tothe more 
diffimilar and organical Bodies ; fuch as vegetable 

and animal Subjects. 

34, We have feen that, in many Cafes, a true 
“Refolution and ‘Recompofition are practicable; 
and as Chemiftry improves, the Bufinefs of Ana- 
hfs and Synthefis mult likewile tmprove. 

«36. But let it be oblerved, that the Power of The In- 
Chemiftry is not limited to the Bufinefs of juft pe7/e4 
Refolutions and Recompofitions: it can produce ye 

_ numberlefs Effeéts without going to this Exact- 

“néfs. Thus it already analyfes and recompoles, _ 
or -feparates and mixes, all the natural and arti- 
ficial Bodies, in its own imperfect manner. And 
“thus t has furnifhed us with all Chemical Me- 
‘dicines; as Tinétures, Extracts, Spirits, Ouls, 
Waters, Effences, €@c. and the feveral Commo- 
“ditics of Sugar, Wine, Alum, Salt, Pot-Ath, 
Aqua-Fortis, Oil of Vitriol, Soap, Glafs, €c. 
fc. (sc. For without attempting a perfect Se- 
paration or Recompofition of the chemical Prin- 
ciples, a grofs Separation or Mixture of two or 
three of them will frequently afford very oh 
| : N 2 ul 
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ful Subftances ; fo that Chemiftry, tho’ it remains 
imperfect, is ftill highly ferviceable. 


Ax!Itoms and Canons. 


1. We learn from the preceding Enquiry, that 
we cannot fafely conclude Bodies to have been 
originally compofed of the fame Principles, into 
which the Fire refolves them a). 

2. That as the Fire, in many Cafes, proves 
a juft Analyfer, and refolves Bodies into their 
conftituent Parts, without Alteration; fo, in 
others, it quite perverts and changes their Na- 
tureand Properties; efpecially by fcorching the 
Oil of a Subject which abounds therewith 4). 

3. That the perfect Regeneration of Bodies can 
take place in fuch Cafes only where the Fire, or 
other Inftrument, is a true Analyfer, without 
adding any extraneous thing of its own, or any 
way altering or fubverting the Nature of the Parts 
feparated c). 

4. That the Bufinefs of Recompofition is to 
be diftinguifhed into three Kinds, viz. mineral, 
vegetable, and animal, differing in Degree of Fa- 
ciliry; the mineral Kind being the eafieft, and 


therefore to be firft cultivated, in order to im- 
prove Synthetical Chemiftry, and render it more. 


advantageoully practicable in organical Bodies d@), 
5. That Synthetical Chemifiry is more imper- 


feét than the Analytical; or that the prefent 


Chemiftry divides natural Bodies more perfectly 
than it puts them together again, for want of 
more proper Analyfers than Fire, and more 


pire ie Sa Beasts 

b) See Exp. I. Seealfo Le&, VIII, Exp. If. 
c) See Exp. I, I, II, IV. 

d) See Exp. 1, IIL, IV. 


fuit- 
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fuitable Methods and Menftruums than are hi- 
therto difcovered a). 


6. That a new Compofition is ufually made in — 


every chemical Refolution. Thus when Nitre is 
feparated into an acid Spirit, its fixed Salt re- 
mains compounded with the Oil of Vitriol 3). 
When Mercury is feparated from the Sulphur in 
Cinnabar, the Sulphur remains united with the 
Quick-Lime, or Iron-Filings ¢). When Water 
is feparated from Brandy, the Water unites with 
the fixed Salt, and leaves the Spirit to float fe- 
parate d). And this appears to be generally the 
Cafe; fo that the Separation is made by fome in- 
termediate Body, which unites with one Part, 
and not with the other of the Subject ¢). Whence 
we are directed to find out the Mediums of Mix- 
ture and Recompofition, as well as of Separation, 
in order to perfect Analytical and apentstial Che- 
— mifiry. 

7. That Bodies endowed with a native Spirit 
are hard to recompofe, unlefs this Spirit be fome 
way artificially preferved f). Thus for Inftance, 
Seeds, Roots, Flowers, &¥c. may be dried in clofe 
Glaffes, with blind Heads, fet upon a gentle 
Sand-Heat ; then taking the Subject out, and 
feparating its Principles, the Oils and Salts being 
afterwards impregnated with the native Spirit of 
the Subject, remaining in the Blind-Heads, may 
thus ferve to recompofe the whole in fome toler- 

able Degree. 
| 8. That animal Gelly is a Mixture -of all the 
Principles of an animal Subject, viz. much Water, 


a) See the preceding Leture, pafim. 
5) See Exp. I. 

c) See Le#, VIII, Exp. Ul. 

d) See Exp. II. 

e) See Exp, I, I, Ill, IV. 


ff) See §. 31. ise! 
N 3 a mode- 
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a- moderate: Proportion of Oiland Salt, and aylittle, 
Earth a). Whence we learn the phyfical Caufe — 
why Gelly is nutrimental; why animal Subftan- 
ces fo much abound therewith; its Ufes in. the 
Body; its reftorative Nature; €?c.. And hence we 
have a Foundation for the natural and experimen- 
tal Hiftory of Gellies, Size,. Glues,, &%c. 0). 

9. That the Bufinefs of Analytical Chemiftry 
's deficient; which ought to afford the Rule of 
operating to Synthetical Chemiftry c). Thus moft 
of the Analytical Operations. hitherto performed, 
are but fuperficial Attempts: to enter. and open the 
Subftances of natural Bodies ; for which purpole, 
in fome Cafes, long Digeftions, repeated Rever- 
berations, vaporous Mixture, exquifite Triture, 
continued’ Fufion, fubtile Precipitation, &c. are 
required. Whence the Improvement of Synthe- | 
tical Chemiftry will greatly. depend upon the Im- 
provement of the Analytical. 

10. That another way of improving Synthetical 
Chemiftry is carefully to obferve what Steps Na- 
ture takes in fupplying and recruiting the Bodies 
of vegetable, animal, and mineral Subftances ; 
and whether there be any mineral Inftances of Re- 
generation in Natare, from the direct Principles — 
themfelves without Addition ; or whether this 


-Aétion be not ufually performed by fome certain 


Affiftance within the Power of Art to procure ; 
and particularly what is the Office of the Air, 
Water, and Fire, in bringing about this natural 
Operation d) in the way of Fermentation, Putre- 
fattion, Accretion, Nutrition, and the general | 
Principles of Motion or Life ¢); and whether 


a) See Exp. IV. See alfo Lect. VI. Exp. VIL. 
b) See above § 28. See alfo Lect VI. Eacp. Vit. 
c) See Lect. VIII. and the prefent pa//im. 
d) See Lxp. I. 
e) See Lect. VII, pafim. 
the 
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the common Elements do not contribute fome 
Part of. their Subftance, as well as Energy, in 
the Change *. From ‘fach. an Enquiry, con- 
ducted in a regular Manner, it fhould feem that 
fome capital Canons might be derived for im- 
proving this grand Part of operative Philofophy. 


* See the preceding Lectures upon the Elements. 
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LECTURE X, 
CONTAINING 


The Curation of Vegetables; or the Means 
of preparing and fitting vegetable Sub- 
jects for various Ufes, viz. Brewing, Dig 
filling, Vinegar-Making, Se. 


Me Sub F FE, are now proceeding to examine into 
jedt | the Nature of Seminal Vegetation, and 
the Curation or Prefervation of Vegetables, with 
a View to the Improvement of Chemiftry and 

the Arts thereon depending. 
Us Extent. 2. The Subject is of large Extent, and if duly 
- profecuted, might tend to the Enrichment of the 
prefent Arts, or the Difcovery of new ones. 
For on regulating the Growth, and on the Cura- 
tion of Vegetable Produétions, depends the Per- 
fection of Corn, Wines, Malt, Bread, Sugar, 
Tobacco, Spice, Drugs, Simples, Dying-Stuffs, 
and the like. And new Difcoveries either in Ve- 
getation, or Curation, might eafily introduce new 
Trades ; as has beenthe Cafein Sugar, Tobacco, 

Wines, Spirits, fc. 

The Proe 3+ BY Experiments in Vegetation, we here 
cedure. propofe to fhew the Methods of regulating or 
conducting this natural Power for the Service of 
Arts; by directing it to anfwer particular Ends. 
Thus by ftopping | fhort towards the Beginning of 
Vegetation in Barley, we procure Malt; and by 
permitting the Grapes to hang till they grow 
not only ripe, but almoft dry, upon the Vine, 
we procure rich fweet Wines. And thus we 
| aac? 
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may ftop Vegetation at any Period, or continue 
it longer than ordinary, according as the Occafions 
of different Arts require. 

4. By Experiments in Curation we would fhew Curation 
the Methods of colleGling, preparing, and fe- ~#?- 
curing vegetable Commodities; fo as that they 
may long remain found, perfect, and fit for Ser- 
vice. And thus our prefent Lecture will confift 
of two Parts; the one relating to the ways of 
growing Vegetables, according to the Ufes for 
which they are intended, and the other to the 
gathering and preferving them, fo as to have them 
conftantly ready at hand, when they come to be 
required in Ule. | 

5. Our firft Experiment therefore is calculated 7 De- 
to fhew the Methed of ftopping the natural Protons 
ceis of Vegetation in the Seed; fo as to prepare mengs, 
Grain, Pulfe, Nuts, Matt, and Roots, for the — 
making of Beer, Vinegar, and Spirits, Our fe- 
cond is defigned to fhew the Method of curing — 
both fermented and unfermented vegetable Juices, 
fo as to make them keep found and good for fe- 
veral Years. Our third Experiment tends to fhew 
the Method of curing vegetable Juices by Decoc- 
tion, or Infpiffation, for the Service of Brewing 
and Diftilling, And our fourth and laft Experi- 
ment will fhew the Method of curing Yeaft, the 
Flowers of Wine, and Wine-Lees, for the Ser- 
vice’ of feveral Arts. Thefe Experiments now 
follow in order. | 


é 


EXPERIMENT I. 


The Method of flopping the Natural Procefs of Ve- 
gelation, with a view to Malting , or the Pre- 
paration of Grain, Seeds, Pulfe, Nuts, Maft, 
and Roots, for the making of Beers, Vinegars, 
and Spirits, | ripe 

6. We 
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6. We plucked up a Parcel of Garden-Beans, 
after they had been fuffered to lie in the Ground 
about fix Weeks in the Winter-Seafon; and found 
each Bean beginning to fplit, or feparate, into 
its two Lobes, whilft the Radicle was fhot out 
fome Inches downwards, and had begun to take 
Root inthe Ground; the Plume alfo, which be- 
comes the Stalk of the Bean, being rifen to the 
height of two Inches. In this ftate we dried a 
few of thefe over a clear Fire, and thus found 
them turned to a Kind of Bean-Malt, that tafted 
fweetifh, bic mealy betwixt the Teeth, and dif- 
folved freely in warm Water; fo as to afford a 
Wort, fit for ‘fermentig with Yeaft into a Kind 
of Beer or Ale. 

_ 7. This Experiment inftructs us in the ordinary _ 

Procefs of Malting; which, in the Cafe of Bar- 
ley, is conformable hereto, and in the Cafe of 
Malting Indian Corn is the Procefs itfelf *. 

8. In making Malt from Barley, the ufual 
Method is to fteep the Grain in a fufficient Quan- 
tity of Water, for two or three Days, till it 
{wells, becomes plump, fomewhat tender, and 
tinges the Water of a bright brown, or reddifh 
Colour. Then this Water being. drained away, 
the Barley is removed from the iteeping Ciftern 
to a Floor, where it is thrown into what they, call 
the Wet-Couch, that is, an even Heap, rifing to 
the Height of about two-Foot. In this Wet-Couch 
the capital Part of the Operation is performed; 
for here the Barley fpontaneouflly heats, and be- 
ginsto grow, exactly in the fame manner as in 
our prefent Example of Beans; fhooting out firft — 
the Radicle, and then if fuffered to continue, the 
Plume, Spire, or Blade. But the Pracefs is: to 
be ftopped fhort at the Eruption. of the Radicle, 

* See below §. 10. See alfo’ fome Experiments to this 
Purpofe in the Philojophical Tranfadtions. 

otherwile 


Of Kegetable Curation. 


otherwife the Malt would. be fpoiled,. The way. 
to. ftop it is, to fpread this Wet-Couch.thin over’ | 
| a large Floor, and keep. it turning. once in four 
or five hours, for the {pace of two Days, laying. 
it fomewhat thicker each time. After this,, the 


“Malt is again thrown in a large Heap, and there 
fuffered to grow fenfibly. hot to the Hand, as it 


ufually will in twenty or thirty Hours time; then 


being fpread abroad again and cooled, it is thrown 
upon the Kiln, to be dried crifp without fcorching, 


g. And this is the general Procefs of Malting, How 
| wherein almoft every Maltfler has his fecret OF paved ta 


wna 


| particular way of working, But, to’ render the def 2d. 
Operation perfect, the following Cautions muft vax'-ge. 


|. be obferved: (1.) That the Barley be newly, 
| thrafhed, or at: leaft newly winnowed; (2.) That 
| ity be not mixed or made up of different Sorts ; 


| (3:) That it be not over, fteeped in the Ciftern,” 


or ly there fo long asto make it foft; (4.) That it 

be well drained ; (5.) That it be carefully looked 
after in the Wet-Couch, fo as to ftop the firft 
Tendency of the Blade to fhooting; (6.) To 
turn the Wet-Couch infide outermoft.if the 
Barley comes (that is, fhoots) more in the middle 
_ than on the fides; (7.) To keep it duly turning 
after it is out of the Wet-Couch; (8.) ‘To 
give it the proper heating in the dry Heap; 
(g.) To dry. and crifp it thoroughly upon the 
Kiln, but without a fierce Fire, fo. as to be 
feveral Days in drying a Kiln of Pale Malt. 
If thefe Directions be carefully obferved, the 
Malt will always be good. — 

10. The Method of Malting Indian-Corn, or 
Virginia Wheat, is much. lefs. laborious, For if 
this Corn be buried two or three Inches deep in 
the Earth, and covered with the loofe Mould 
dug up to make room for it, in ten or twelve 
Days time the Corn will fprout; and appear like 

| agreen 


188 


Extended, 


dts Effe&s, 
and End, 


LecTruRE THE TENTH. 


a green Field ; at which time being taken up, 
and wafhed or fanned from its Dirt, it is imme- 
diately committed to the Kiln, and by this means 
it becomes good Malt, exactly as Beans fo treated 
would do. | 

11. It is obfervable of this Corn, that both 
its Root and Blade muft fhoot to a confiderable 
length, before it will make Malt. And perhaps 
this is the Cafe in all large-bodied Grain and 
Nuts a). 

12. It might be of Service to transfer this eafy 
Experiment to the making of Malt from Barley, 
Rice, and the other {mall Grains and Seeds: but 
the Attempt may be attended with Difficulties; 


becaufe in the making of Malt, the Barley muft 


be fuffered to grow in its Root only, and not in 
the Blade; whence it would be difficult, at firft, 
to hit the exaé time for taking it out of the 
Ground. And, again, as the Grain is fo fmall, it 
might prove troublefome to feparate it from the 
Earth or Mould. However, the thing may de- 
ferve to be tried 4). 

13. It is a Confideration of a higher Nature 


to determine the phyfical Effect procured by Malt- 


ing, and whether the End may not be obtained 
by cheaper and lefs laborious Means. The phy- 
fical Difference betwixt malted and unmalted Corn 
appears to be the Production, or Extrication, of 
a fweet faccharine Subftance in the Malt, which 
is wanting under that form in the Corn. And it 
is the fweet Subftance alone, which we require 


a) It may be worth trying, whether the fame Procefs is 
not, with due Care, applicable to the Malting of Turnips, 
Potatoes, Carrots, Parfnips, Sc. 

6) And poflibly fome Contrivance might be found, by the 
means of large Hair- Cloths, or ctherwife, to inclofe the Grain, 
fo that the Joofe Earth fhould not mix among it ; and at the 
fame time an Opportunity be afforded, of commodioufly ex- 
amining how far the Barley is come at any time after lying. 

In 


\ 
{ 
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in Male for the making of Beer, Ale, Vinegar, 
and inflammable Spirits ¢). But even unmalted 
Corn, duly treated, may be made to afford Beer, 
Ale, Vinegar, and Spirits: This, therefore, may 
intimate to us a way of making fuch Liquors, 
without the formal Extrication of any remarkably 
)fweet faccharine Subftance. According to fome 
Trials we have made, unmalted Corn affords half 
/the Quantity of inflammable Spirit by Fermen- 
tation and Diftillation, as the fame Corn would do 
when malted. And fuppofe that unmalted Corn 
/were to be made into a Kind of Dough, or 
 Pafte fermented with Yeaft, as is ufual for Bread, 
/ and then baked ; would not this be a cheap Subfti- 
| tute for Malting 4)? Ac leaft, it deferves to be 
tried, how much Beer, Ale, Vinegar, and Spirit, 
/might be procured this way, compared with that 
other of Malting. 


14. On the other hand, if only a fweet faccha- 
tine Subftance be required in Malt, are there not 
Cheaper and eafier ways of procuring it than by 
)Malting? Do not many Trees afford fuch a fac- 
'charine Juice, by Tapping in the Spring, with- 
| out prejudicing the Trees? Is not young green 
Corn itfelf remarkably fweet ; and does not this 
fweet Juice enter the Compofition of the Ear, 
/and there remain fixed, or almoft loft in a fac- 
charine Form, till recovered by Malting? Here 
is a Door opened for explaining the Nature of 
| Sweetnefs, and deducing the particular Hiftory 
‘of Sugar. Such a Work, for its Ufefulnefs in 
Trades and ordinary Life, we wifh were extant ; 
_and till {ome confiderable Progrefs is made there- 


a) See Le&. VII. Exp. I, II, IV. 


_ 6) They are faid to brew after this manner in fome Coua- 
eles, , 


. 
| 
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in, the Art-of Malting, and all thofe that depend 
‘uponiit muft/remain fhort of perfection. Daa 


_ 15. Thole, who are difpoféd to go upon thee 


Enquiry, may pleafe to ‘compare the Art. off 
“Starch-Making with that of Malting, and ,par-- 


ticularly try. whether fome confiderable Ufess 
may. not be made of the Refufe Liquors pro- 
duced in both Arts. The high-coloured Jiquorr 
drawn from the Barley in the fteeping Cifterm 


13 a vegetable Tincture, that might, if nott 
by irfelf, yee by being ufed inftead of Water top 


ground Malt, be worth fermenting and diftilling: 


‘for Spirit; and the Starch-Makers refufe Liquorss 


have been obferved to contain a Quantity of in-- 


flammable Spirit. 


16, Oar prefent Experiment may in this re-- 
{pect be made general, that ic fhews us there aree 
different times of ftopping, or preventing, thee 
farther Growth of Vegetables, for the Service off 
“Arts. And this Doctrine may be extended top 
the forming a Set of general Rules, for gatherings 
the different Parts of Plants, at different Seafonss 
of the Year, for different Utes. 


17. Thus Roots, for inftance, to be had per-- 
fect, fhould be gathered and dried in the Spring,, 


before the Leaves are formed; Leaves fhould 


gathered when they are fully opened, but beforee 


the Flowers appear; Flowers when they are note 
fully opened ; and fome, as red Rofes, in the Buds 
Seeds are to be gathered when full ripe, and be-- 
ginning to dry, before they fall fpontaneoufly 3; 
and ‘Trees are generally beft felled and flawed fort 


_ their Bark in the Beginning of the Spring, “Butt 


all thisis to be underftood of the common Uless 
of the Subjects; for there are many particulars 
Occafions, which require them immature. Thuss 
Buckthorn-Berries, fhould be ripe gathered fore 


makings 
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making the Syrup, but unripe, for making the 
Painter’s Colour called Sap-Green. 


Experiment II. 


A Method of Curing both unfermented and fermented 
vegetable Fuices. 


18. (1.) We melted Brimftone in an Iron Mat ching 
Ladle, and dipping flips of coarfe linnen Cloth > mgs 
therein, made what the Wine-Coopers commonly gating 
call Match. (2.) We took a flip of this ug 
Match, and fetting one end thereof on fire, haeeeg 
put it into the Bung-Hole of a Cafk, which being 
at firft loofely ftopped, fuffered the Match to 
burn nearly out. “Then the Bung being driven in 
tight, we fet the Cafk afide for an hour or two, 

_ and found that this Operation communicated a 
violently pungent and fuffocating Scent to the Cafk, 
with a confiderable Degree of Acidity, which is 
the Gas and acid Spirit of the Sulphur. We now 
filled the Cafk with a very fmall Wine, which 
had fcarce finithed its Fermentation ; and bunging 
it down tight, we put it ina proper place to clarify. 

19. This is the common Method of matching 
Cafk for Wines,’ but particularly for Stoums. Ie 
is an ufeful Experiment ; for poor Wines could 
‘fearce be kept potable a few Months wihout it : 
hor could Stums be prepared in large quantities 
‘by any other Method commonly known. 

20. By Stum we underftand the unfermented Symp 
Juice of the Grape, feveral times racked and «dae, 
drawn from its Sediment, the Cafk being every 
time thus fumigated with Brimftone, to prevent 
the Liquor from fermenting, as it would otherwife 
readily do and fo become Wine. It is the Fume 
of the burning Sulphur which thus ftops all Ten- 
‘dency to Fermentation, and continues the natural 
_ Juice of the Grape in a fweet {tate, fit to be rea- 
| dily 
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dily mixed with Wines inftead of Sugar; for 
which purpofe ic is very much ufed in Holland, 
and other Countries, as alfo for giving a new 
Fret, or Brifknefs; to decayed Wines; fo that 


very large Quantities of this Stum are annually 


imported to all Parts along with the Foreign 
Wines. And after the fame. manner a Stum is 
prepared in England from the Juice of Apples, 
which ferves the ordinary purpofes of the Wine- 
Cooper. 

Inconveni- 21. The principal Inconveniencés in this Me- 

ences of _thod of matching the Cafk are thefe; (1.) that 

Matching. it communicates a naufeous fulphureous Tafte and 
Smell to the Wine; and (2.) that it is not appli- 
cable to red Stums, or red Wines, without greatly 
impairing, or almoft deftroying their Colour ; 
whence the Stums in common Ufe are always 
white, the Produce of white Grapes. And be- 
caufe this Method of Matching does not fuit with 
red Wines, hence it is, that all red Wines are 
ufually dofed with Brandy in order to preferve them, 
And for Wines in general, it might very well fuf- 


fice to burn a little Spirit of Wine in the Cafk; | 


and if they want Strength, or Spirit, to preferve 


them found, to add Brandy or Spirit of Wine, pro-. 
portionably. By which means they may be pre- — 


ferved without any naufeous Smell, or Tafte, 
which always attend the Way of matching; tho’ 
matched Wines lofe of their fulphureous Tafte, 


and Odour by long keeping. But for Stums, — 


there is no other Way commonly known and prae- 


tifed, to preferve them, but by ufing the Fumes 


of Sulphur. 
eras 22. The Experiment however is almoft gene- 
periment ral, and may be applied to advantage in the cafe 
extended. of all fermented Liquors, and again to unfermented 
vegetable Juices; fuch as thole of Citrons, Quin- 
ces, Oranges, &%c. which it prevents from run- 
nig 
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| ning: into Kermentation or Putrefaétion. And ; 
| this Effect it feems to have, chiefly by ftiffening 

_ the Air, or weakening its natural Elafticity *. For 

as all vinous Fermentation is found to generate 

| Air, fo the burning of Sulphur is found to fiffen 

or deftroy Air. And hetice it feenis to be, that 

the Fume of burning Brimftone readily checks 

_ the Fermentation of Liquors; fo that if a Cafk, 

_ by fretting or fermenting, appears ready to burft 

its Hoops, a Dith of burning Brimftone held un- 

der it will foon quell the Motion: which is one 

| known Method of checking or fuppreffing vinous 

. Fermentation. | os 

| hin EXPERIMENT II. 

| The Method of curing vegetable Fuices by Decoftion, 

| s or Infpiffation. e 

25. We made an Infufion of Malt, in the come Wirt ine 
mon Manner of Wort for Beer or Ale; then let~ /pifated. 
ting it ftand to clarify, we decanted the clear Li- 

quor, and, boiled it over a foft Fire to the Con- 
fiftence of Treacle: in which State it will long 

keep found, or fit for making Beer, Vinegar, or 
inflammable Spirit. ; 

© 24+ This Experiment thews us ageneral Way of The Expe- 
| reducing fermentable Subjeéts to a imallCompafs, 7#ment ex- 
and of fecuring them againft external Injuries, 
hus a Kind of Treacle from Malt might be 

| Procuredin cheap Years, for the Service of the 
Vinegar-maker, the Brewer, and the Diftiller, 

The Method is likewife applicable to any other 
{weet or faccharine Juice; as that of Grapés, the 
|Tappings of Trees, the fermentable Juices of 
Summer Bruits, and of certain {weet Roots, as 
Parfnips, &c, 

(45+ Thefe infpiffated: Juices, if not boiled too 

high or fcorched in the Operation, are eafily 

0 ® See Mr. Hak’s Vegetable Staticks, 

O ; brought 
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brought back to a due Degree of Thinnefs with 


Water, and fermented in the fame Manner, and. 


for the fame Purpofes, as they might have been 
before they were boiled: So that Beer, Vinegar, 


or Spirits may be thus commodioufly procured, 


at any Lime, even in hot Climates ; and it flould 
feem that Brewers and Diftillers might alfo reap 
fome Advantage from a prudent Ufe of this Ex- 
pedient. 

26. The Wine-Merchant might thus order the 
Juice of Grapes, or Stum, to be boiled down in 
‘Wine Countries, and fo left fit to be reduced by 
Water and fermented into Wines in others. And 
for this Purpofe the poorer Vintages might ferve, 
as well as the rich ; excepting only that the Rob, 
when reduced by Water, would not afford fo 
much Wine as the thicker or richer Juices. But 
the Operation muft be performed with confider- 
able Exactnefs, to make it fucceed fo as to pro- 
duce artificial Wines perfectly like the natural. 

27. 'Vhis Procefs alio feems applicable to Hops, 
which in cheap Years, may be thus made into a 
Kind of Extract, without-any Lofs of their walua- 
ble Parts; whereby the numerous Contingencies 


~ attending that Commodity, mightin good Meafure 
be prevented. But there would here be Danger of » 


Fraud; becaufe the Extractsot Gentian, Centaury, 
or other bitter, ftomachic Vegetables might be 
mixed with the Extract of Hops, fo as not to be 


eafily difcovered. Yet perhaps this Inconvenience _ 


would not be greater than that generally fuffered 
already; for many, no doubt, are well affured by 
Experience, that the Extract of Gentian is a 


wholefome Bitter, which might very well fupply — 


the Place of Hops in Brewing. 
28. A Procefs fomewhat of this Kind is fre- 
quently practifed in Wine-Countries; viz. either 


by 


 * §.23—27, 
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by fuffering the Grapes to grow almoft dry 
upon the Vine; or elfe by boiling down their 
Juice, till it becomes fufficiently thick to afford 
fuch rich Wines as Canary or Frontignac ; whufe 
Strength may be readily imitated by adding 
a lefs Proportion of Water to the Rob, or infpif- 
fated Juice of Grapes, in the Manner above ex- 
plained *. e 

29. Before we quit this Procefs we would re- 
commend it to be tried, upon the Juice that may 
be ealily exprefied from a vegetable Subje&t com- 
monly thrown away as ufelefs : we mean the 
Shells of green Peafe, which by being barely 
boiled in Water, communicate a {accharine Sweet- 
nefs thereto; fo that the Liquor has been made 
into tolerable Drink, and a good Spirit. 


Experiment IV. 
“4 Method of curing Yeaft, the Flower of Wine, and 
alio Wine-Lees, for the Service of Diftilling, 
Wine- Making, Vinegar-Making, &c. 


ae | 


30. We took a Quantity of common Ale-Yeatt, %af cured 
and putting it into a clofe Canvas Bag, gently 4nd pre- 
{queezed out the Moifture in a Screw-Prefs, till “74: 


the remaining Matter was left as hard as Clay ; 
and in this State having packed it clofe in a tight 
Cafk, and fecured it well from the Air, it kept 
frefh and found for feveral Months; as has been 
often experienced by others. 


31. This is an Experiment of confiderable Ufe Us. 


to Brewers and Ditftillers, who employ very large 
Quantities of Yeaft, and yet feem in England 
to have no good Method of preferving it, or rai- 
fing Nurferies thereof; for Want of which they 


- fuftain a confiderable Lofs. Whereas the Brewers 


in Landers make a great Profit, by fupplying the 


Oa) Malt- 
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Malt-Diftillers of Holland with Yeaft, which is 
rendered lJafting and fit for Carriage, after the 


Manner of our prefent Experiment. 

32. The fame Method is practicable to much 
ereater Advantage in the Yeaft of Wine, and 
in Wine-Lees, if they could be imported into 
England. Yor by this Means we might eafily imi- 
tate the Wines and Brandies of foreign Growths; 
the Lees and Yeaft of Wine readily affording an 
effential Oil, by Diftillation, of which a fmall 
Proportion will flavour a large one of Wine or 
Brandy. But a fhorter and more perfect Way is 
to let any taftelefs, or other proper Wine, fret 
orftand, for fomeTime, upon fuch Lees, or Wine- 
Yeaft, whereby it will to great Advantage acquire 
the natural: Fafte and Flavour of the Wine, 


to which the Lee, or Yeaft, belonged. 


Perfect 
Curation 
what. 


33. Thus-we have'given a few Examples of 
Vegetable Curation, on which the Improvement of 
feveral Arts depends. We cannot go through all 
the Species of it, for that would be an immenfe 
Labour ; ; nor are Men hitherto arrived at the 
perfect Method of preferving Vegetables in their 
natural.Form, with their Colours, Odours, and 
other fenfible Qualities, for any Number of Years. 


Yet fomething confiderable might be done in this 


Way, by proper Application. Fruits may long 
be preferved frefh in Spirit of Wine, firft: well 
faturated with the Skins and tinging Parts of the 


Fruit. And many of them may be tolerably — 


preferved in perfectly fermented Liquors, which 
generate nomore Air. The more folid Kinds of 
Subftances may be commodioufly cured, by 
gently drying them in the Sun, Shade, or other 
flack Heat. Thus Peafe, or Beans, being dried 
young in a flack Oven, in their proper Seafont 
may be boiled green and tender, in the Winter; 
almoft like thofe new gathered. Certain Ways: of 


pre- 
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preferving Fruits, and other vegetable Subje&s, 
both in a dry and moift Form, with Sugar, are 
now generally known: But there are fome extra- 
ordinary Means of curing feveral particular Kinds 
of Bodies referved as Secrets by Artifts; tho’ 
even thefe might be exceeded, if we had a tho- 
rough Knowledge of the prefent Subje@. The 
Defign might alfo: be extended to the animal 
Kingdom, under the Name of Animal Curation 5 
the compleat Art whereof would prove highly 
ufeful at Sea. 


Axioms and Canons. 


1. We learn from the preceding Enquiry, that 
Men have Power to ftop the Courfe of Na- 
ture in Vegetation, fo as to make this Principlé 
anfwer their own particular Ends and Defigns ; 
whence Arts may recéivé confiderable Improve- 
ments @). . . 

2. That the Art of Malting is farther improve- 
able by a general Acquaintance with the Nature 
_ of Vegetation, vegetable Juices, the Art of Fer- 
_ mentation, and the Art of Sugars 3), 

3. That the Labour and Expence attending 
the Art of Malting may, in fome Meéafiire, be 
faved, by procuring and feparating the {weet 
Juices of Vegetables as Nature affords them ; or 
by boiling them down to a Treacle or faccharine 
-Subftanceé c). | 

4. That there are different Séafons of the Year 
peculiarly fitted to thé collecting or procuring of 
thefé Juices, and all other vegetable Matters, ac- 
cording as they are required ripe or immature @), 

@) See Exp, I. 

6) See Exp. 1 II. 


(a) See £xp.' TTI, 
d) See Exp.I. 


O 4 s. That 
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5. That the Fumes of burning Sulphur have a 


great anti-fermentative, anti-corruptive, or pre- 
jervative Power upon vegetable Juices a); and this 
without rendering the Liquors unwholefome, 
tho’ the Fume is difagreeable, and of itfelf fut- 
focative. 

6. That the Fumes of burning Sulphur have 
a Power of difcharging the Colour of red 
Wines a); and on a like Account thefe Fumes 
are ufually employed for the Blanching of Silks, 
Flannels, &c. 

7. That Vegetable Curation depends chiefly upon 
the Exclufion of the Air and all fuperfluous 
Moifture; and this either fingly or conjointly 2) 

8. That Vegetable Curation confifts in keeping 
all the Principles of a vegetable Subject together 
undeftroyed, in their natural Texture or Arran- 
gement 3), 

g. That all fweet vegetable Juices may be pre- 
ferved found and ferviceable, by infpiffating them 
over a foft Fire ,; fo as to throw off their fuper. 
fluous aqueous Parts, and leave the {weet or faccha- 
rine Subftance behind, in a ftate fit for Fermen- 
tation, upon the Addition of frefh Water c). 

10. That feveral bitter vegetable Juices, ca- 
pable of anfwering the End of Hops in Brewing, 
may be in{piffated by the Fire, and preferved tor 
that Purpofe c). 

rr. That thofe extremely corruptible Sub- 
{tances, Yeaft, the Flowers of Wine, and Wine- 
Lees, may be preferved found, barely by freeing 
them from their fuperfluous Moifture, and fecur- 
ing them from the external Air and too great 


Heat a). 


a) See Exp II. 

4) Exp TI, Ul, IV. 
c) See Exo. lil. 

d) Exp. IV. 


12. That 
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12, Thatthe Bufinefs of Vegetable Curation may 
receive great Improvements by a proper chemical 
Enquiry, made with a direct View to this Sub- 
ject ; from whence many farther Advantages are 
derivable to Arts and Trades, particularly to the 
Sugar-Colonies abroad, to Brewers, Wine-Ma- 
kers, and Diftillers in hot Countries; and that 
the Enquiry likewife might be advantageoufly 
extended to Animal Curation *, | 


o 


* See Exp, IV. 
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Ways of tlufirating and improving the Arts 
depending upon Vegetable FER MENT A~ 
TION; particularly Brewing, Diftilling, 


Vinegar-Makineg, &c, 


1. BN our laft Lecture we endeavoured to fhew 

the Method of procuring certain vegetable 
Commodities, and preferving them uncorrupted, 
for the Service of Arts: In our prefent, we hall 
confider fome Ufes of thefe Commodities, when 
thus preferved ; or the Ways of employing them, 
fo as to afford various Preparations for the com- 
modious carrying on of Trade, and the Bufinefs 
of ordinary Life. 

2. As our Confideration is reftrained to the 
vegetable Kingdom, the Arts that will chiefly 
come before us at prefent are, thofe of Wines, 
Sweets, Malt-Liquors, Vinegars, and Brandies ; 
in all which we have already madefome Progrefs *, 
But there remains much behind for the Improve- 
ment of thefe Arts; which lie in a State far from 
that Simplicity, on which their Perfection feems 
to depend. 

3. Thefe Arts we fhall here endeavour to im- 


of the Ex- prove by four direct Experiments. The fit 
periments. ys capital, and calculated to fhew the Method 


of reducing vegetable Juices, cured by Decoc- 


¥ See Le. X, 
tion; 
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tion or Infpiffation’*, back to a State fit 
for affording Vinegars, Wines, and Brandies by 
Fermentation; and at the Jame Time to exhibit 2 
new Methed of making an artificial Mw, or 
Stum, as good as the natural, and equally fit for 
refermenting, fretting, improving, and making 
Wines, Vinegars, and Spirits, in all Countries. 
4. The /econd Experiment will exhibit the com- 
mon Methods of forcing, or fining down, ferment- 


_ €d vinous Liquors, fo as to render them expe- 


ditioufly bright or clear, and fit for Uf. | 
5. Uhe third Experiment will thew a Method 
of converting White Wines into Reds; and of 
recovering, or improving, the Colour of decayed 
red Wines. | 
6. The fourth, a Method of concentrating 
Wines, Vinegars, or Malt- Liquors, for Carriage, 
or Exportation. . 
7. The fifth will fhew a Method of recoverin 
prick’d Wines. F ete 
8. The fxth and laft will thew a more profi- 
table Method, than that commonly ufed in Eng- 
land, of fermenting Malt for Diftillation, or the 


‘Production of common inflammable Spirits. 


Thefe Experiments now follow in their Order. 
EXPERIMENT I. 


ea 0 fhew the Method of reducing vegetable Fuices, . 


cured by Infpiffation or Decottion, back to a 
state fit for affording Wines, Vinegars, and Bran- 
dies, by Fermentation; and at the fame Time to 
exhibit a Method of making an artificial Muft, 
. or Stum, as good as the natural, and equally fit for 
refermenting, fretting, improving, or making Wines, 
Vinegars, and Spirits. 5 


20r 


9. We took three Pounds of white Lump Su- 4tifeial 
gar well cleanfed of its Treacle, and melting it “uf pre- 


* See Le, X. Exp, Ul, : 
in 


pared. 
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in three Quarts of fair Water, added in the 
boiling half an Ounce of finely pulverized Rheni/h 
Tartar; which diffolved with a remarkable Ebul- 
lition, and gave a grateful Acidity to the Li- 
quor. Then taking the Veffel from the Fire, 
and fuffering it to cool, we thus procured a Mu/?, 
which in all refpeéts refembled the natural tart 
and {weet Juice of a white flavourlefs Grape, 
when that Juice is well purified, and often 
racked from its Sediment, in order to make 
Stum. And if our artificial Mduf be ftummed, 
that is matched, or well fumigated with burning 
Brimftone, after the Manner fhewed in our latt 
Lecture a), it thus becomes a perfect Stum; which 
may be made of any Flavour, at the Difcretion 
of the Artift. 

10. This Experiment is fo pregnant, that it 
might deferve to have its Ufes explained by an 
exprefs Treatife d). It affords abundant Inftruc- 
tion for improving the Arts of Sweets, Stums, 
Wines, Vinegars, and Spirits; it likewife affords 
fome ufeful Inftructions about the Nature of fweet 
and tart vegetable Juices, and the Ways of imi- 
tating them by Art. But thefe Particulars we 
can only juft touch upon for the prefent. 

11. The Experiment itfelf was formed upon the ~ 
Analyfis of the Juice of the Grape before Fermen- | 
tation; which Juice, to the Senfes, appears no 
other than a faccharine Subftance diffolved in 
Water, with the Addition of a tartarous Acid: 
And this being fully confirmed by a chemical : 
Refolution, it was hence eafy to expect, that if 
Tartar, which is the natural Salt of Wine, or of 
any {weet vegetable Juice fermented, could be 
artificially diffolved in a proper Mixture of Sugar 
and Water, it would give an exact Refemblance 


@) Exp. I. 
4 See the Appendix to this Le@ure, 
a 


_ and exported in a liquid Form, for the making 
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of the thing. Accordingly it was found upon 
Trial that ‘Lartar might be thus diffolved, fo as 
to communicate an agreeable Acidity to Sugar, 
and thus to imitate, in great Perfection, the natu- 
ral {weet juices ot Vegetables, without their par- 
ticular Flavours: andhence our Experiment dif- 


‘covers to us the Nature, Ufe, and Perfection of 


the Art of Sweets 

12. By a Sweet is underftood any vegetable 
Juice, whether obtained by Means of Sugar, Rai- 
fins, or other Foreign or Domeftick Fruit, which 
is added to Wines in order to improve them. 
Whence we-fee that the Art of Sweet-Making 
might receive a high Degree of Improvement, 
by ufing pure Sugar as one general wholefome 
Sweet, initead of thofe infinite Mixtures of Ho- 
ney, Raifins, Syrups, Treacle, Stum, Cyder, 
{¥¢. wherewith the Sweet-Makers fupply the Wine- 
Coopers, to eke out or amend their Wines. For 
pure Sugar being added to any poor Wine will 
ferment the-ewith, improve it, and bring it to a 
proper Degree of Strength and Vinofity. If the 
Wine to be thus amended is tart of itfelf, no 
Tartar fhould be added to the Sugar; but if it 
be lufcieus of too fweet, then the Addition of 
Tartar is proper. . 
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13. The prefent Experiment adds no lefs Im- Extended. 


provement to the Art of Stums, which may per- 


haps be hence brought to its Perfection. And 
here we defire the Men of Bufinefs would duly 


reflect, that wherever Sugars go, there go ina 
folid form Stums, Wines, Vinegars, and Brandies ; 
thatis, the actual Matter out of which, by the 
bare Addition of Water, thefe feveral Commodi- 


ties may be readily prepared. For it is by no 


Means neceffary that Sugars fhould be imported 


of 
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of Stums, Wines, &¢, becaufe it is fo eafy to add 
the Tartar and Water in any Port they arrive at. 
Farther 14. Our Experiment alfo points out the Way 
Ufes in the of perfecting the Art of Wines, by reducing the 
a ¢* component Matter thereof to a fmall Bulk, and 
ice occafionally, in any Climate, bringing it back with 
Water into a Muit; which Mutt may be tinged 
of any Colour, or impregnated with any Fla- 
vour, fo as to be fermented into a Wine of any 
Species or Denomination. Thus if a few Drops 
of the effential Oil of Nutmeg, or Cinnamon, 
were to be rubbed with a little Sugar into a Kind 
of Elwofaccharum *, and then mixed with our 
artificial Mutt, or Stum, the Wine made of it 
would have a very grateful Odour and Flavour. 
And fo if an effential Oil were procured from the 


Lees of any particular Wine, and introduced in- _ 


to our artificial Stum, after the fame Manner, the 
artificial Wine would thus have the Odour and 
Blavour of the natural Wine that afforded the 
Fees; bating for the Roughnefs, Hardnefs, of 
Drynefs given by the Hufk and Stone. For our 
artificial Muft has no Flavour or Colour of its 
own, but readily receives and becomes impre- 


enated with either by Art. And how far this | 


Experiment may be ufeful in teaching a Method 
of making a rich concentrated Wine, for the ex- 
temporaneous Improvement of the poorer Sorts, of 


for making a ferviceable Kind of extemporaneous _ 
Wine, barely by mixing with Water, we récom- 
mend to the Trial of thofe who have a Talent at 


this Kind of Experiments. 
And Vinee 15. The Art of Vinegar-Making may alfo pof- 
gars. fibly_receive a high Degree of Improvement by 
Means of the prefent Experiment, as it affords 
us a Method of diffolving Tartar in Water, on 
which the'whole Art of Videear making feems te 
* See hereafter, Le&. XIII. Exp. IV. 
depend 
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depend. For there are many phyfical and che- 
mical Reafons and Experiments, to thew that 
Vinegar is no more than a, particular. Kind of 
fiuid Tartar. And the Art of making Vinegar 
would then be perfect, when it could readily, or 
extemporaneoufly, prepare and concentrate the’ 
Commodity ; fo as to give it a Kind of folid or 
confiftent Form, which fhould render it durable, 
bring it into a fmall Bulk, and leave it fit to be 


reduced by Water into a fluid Form, for Ufe in © 


all Climates. 

-16. We plainly fee that the original compo- 
nent Matter of Vinegar, which is Sugar, lies in 
a {mall Bulk, and may be readily converted by 
Water, Air, and Heat into Vinegar *. Sugar 
inthe Act of Acetification feems wholly converted 
into a fluid Tartar; and if the aqueous Liquor 
be feparated: from Vinegar, we find the Vinegar 
is thereby rendered the ftronger : infomuch that 
if Vinegar were to be highly concentrated b 
Congelation, it would become almoft: folid, or 
a Kind of actual ‘Lartar.. Whence the Rule is 
eafy, that in order to make an almoft folid Vi- 


negar, we fhould endeavour to diffolve Tartar — 


in an aqueous Liquor. Whence, for perfecting 
the Art of Vinegar-Making, we recommend the 
diffolving of Tartar largely with Sugar, or Trea- 
cle, and the ftrongeft Vinegar, by repeated Im- 
bibitions, Heat, and a proper. Management. 
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17. We proceed to fhew fome Ufe of our Ex- In the Di- 
,periment in the Art of Diftillation; which Arg /“etion 
likewife might poffibly arrive at Perfection by its P Spirits. 


Means. It is generally known that a taftelefs, 
flavourlefs, yet perfectly vinous and cheap Spirit, 
isthe grand Defderatum in the Art of Diftilling : 
Now fuch a Spirit feems eafily procurable from 
our Stum, made highly acid. by the Addition of 

e oce Leg. Vil Exp, Hi. 
Tartar, 
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Tartar, and fermented till that Acidity prevails, — 


as it foon will do, fo as to prove a true Vinofity. 
And thus a highly vinous, yet flavourlefs Spirit, 
may be obtained at a very reafonable Charge, if 
a Man thoroughly underftands the Art of Fer- 


mentation. And fuch a Spirit might be readily — 
flavoured and converted into French Brandy, Ar- | 
rack, or any other Kind of Spirit, that commonly — 


fells for a much greater Price a). 
18. Thefe Particulars, with feveral others that 
might be mentioned, hold of our Experiment in 


its perfect State : for to reduce {weet vegetable 
Juices to a pure white Sugar, without any Par- _ 


ticipation of Treacle, is an extreamly perfec? Cu- — 
- vation, which coft much Labour: before it was — 
difcovered. But now the thing is common, we — 
feem almoft to neglect it; at leaft do not enquire 
into the farther Ufes. of fo capital a Difcovery, — 


to the apparent Detriment of the Sugar-Trade, 
and the Colonies thereon depending. 

39. Tho’ Curation by bare Decoction, or In- 
fpiffation, is of a lower Clafs, yet ftill ic has its 
Ufes b); for even Treacle is an ufeful Sub- 
{tance : But the Rob of Malt, as we fhewed in 
our laft Leéture d), may be employed for the 


making of Beer, Ale, Vinegar, and Spirit, in | 


all Climates, after the fame Manner as we here 
ufe Sugar. And the Perfection of this Curauon 
would be, to reduce all fuch Robs to an actual 
Sugar; as with fkill might be done, we apprehend, 


to Advantage. ‘Tho’ as fome Countries and Pa- © 


lates prefer Malt-Liquors and Corn-Spirits, to 
Wines and the fineft foreign Brandies, this Art 
of Sugar-Making need not be univerfally exten- 
ded to Malt and Grain. 


a) See hereafter Le#. XII. 
b) See Led. X. Exp, III. 


18. Many 


. 
| 
| 
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20. Many other Ufes are derivable to Arts and 
natural Philofophy from our prefent Experiment; 
but we have only Time to mention one more. 
We fee that Stums, Wines, Vinegars, and in- 
flammable Spirits of all Sorts, may be commo- 
dioufly obtained by its Means; we now add, that 
the original Matter of them all may be reduced 
to a brown, thick, treacly, or other coloured 
Subftance, whether red, yellow, or black, and 
exported under this difguifed Form to any trad- 
ing Part of the World, tor preparing thefe Com- 
modities there. And chus the Country poffefied 


of Sugar, might advantageoufly fupply many. 
others with Matter for exercifing of feveral Arts;. 


fuch as the Production of Wines, Beers, Vinegars, 
and Brandies. And in the fame Manner might Fa- 
milies be fupplied with an artificial Muft, Stum, or 
Rob of Grapes, for making any Sort of Wine at 
home, with much greater Eafe than they now brew 
Beer : tor the expert Artif will eafily give the 
proper Flavour and Colour of any Wine *, to 
this artificial Muft, or Rob; fo that there thould 
be nothing more required at home, for the mak- 
ing it into Wine, than to add the Water and the 
proper rerment in the Caik. 


EXPERIMENT. If. 


The common Method of Forcing or Fining down fer- 
mented vinous Liquors, fo as to render them ex pe- 


— aitioufly bright or clear, and fit for Uje. 
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21. We took an Ounce of fine Ifing-Glafs beat Wine 


boiling in a Pint of Water, fo that it became a {tiff 


- Gelly when cold. Some of this Gelly we whifked 


#) See above, §. 12. and hereafter Exp. VII, 


up 


with a Hammer into Shreds, and diffolved it by Axed. 
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up into a Froth, with a little of the Wine in- 
tended to be fined ; then ftirred it well among the 


_ reft in the Cafk, and bunged it down tight. By 


Uf. 


Rationale, 


Inconveni- 
encies of 
the Me- 
thod, 


this Means the Wine will ufually become bright in 
eight or ten Days. | 
» 22. This Method is beft fuited to white Wines: 
but for red ones, the Wine-Coopers. commonly 
ufe the Whites of Eggs, beat up to a-Froth, and 
mixed in the fame Manner with the Wines. And 
thefe are the coramon Methods of Forcing at pre- 
fent ufed in the Wine-Bufinefs. 
23. Phe phyfical Reafon of the Experiment is 


this, that the Bodies here employed as the Forcing 


are vifcous or glutinous, fo as to entangle them- 
{elves among the flying Lee, or light Feculencies, 
that float in the Wine; and thus forming a Mafs 
{pecifically heavier than the Wine, fink thro’ the 
Body thereof, like a Net, carrying down all the 
Foulnefs they meet with in their Way. But when 
the Wine is extremely rich, fo that its fpecific 
Gravity proves greater than that of the Mafs 
compounded of the Forcing, as it is called, and 
the Dregs or Lee, this Mafs rifes upwards, and 
floats on the Top of the Liquor, in which Cafe 
alfo the Wine will draw off fine. 


24. Lhe principal Inconvenience of this Me- | 


thod of fining Wines is its Slownefs, as not hav- 
ing its Effect in lefs than a Week, or fometimes a 
Fortnight, according as the Weather proves fa- 


vourable or unfavourable, cloudy or clear, windy - 


or calms; which appears to be Matter of conftant 
Obfervation. But the Wine-Merchant frequently 
requires a Method that fhall with Certainty make 


his Wines fit for tafting in a few Hours. And a 


Method of this Kind there is, but kept as a va- 
luable Secret in a few Hands. Perhaps it depends 
upon the. prudent Ufe of a tartarized Spirit of 
Wine and the common Forcing, as Acceffories, 

along 
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along with Gyp/um, or calcined Alabafter, as the 
Principal ; all which are to be well romaged, or 
ftirred together in the Wine, for half an Hour, 
before it is fuffered to ret. | 
_ 25. Let it be here obferved that all Wines, Fixing not 
Malt-Liquors, and Vinegars, which are wel] 4/4 ae 
made and perfect in their Kind, will grow fine “f#” 
of themfelves barely by ftanding ; fo that if they : 
do not thus grow fine in a reafonable ‘Pimey it 
a Sign they labour under fome Difeafe, that is, 
are either too aqueous, too acid, too alkaline, 
tend to Putrefaction, or the like. In all thefe 
Cafes, which may be properly enough called the 
Difeafes of Wines, faitable Remedies are required 
before the Wines will grow fine. 
26. To enquire particularly into the Difeafes Difcafes of 
of fermented Liquors, with their ref pective Cures, Wine how 
is not the. prefent Defign 2); only we mult ob. ¢#re4 
ferve, that the moft general Remedy hitherto 
known for all the Difeafes of W ines, is a pru- 
dent Ule of a tartarized Spirit of Wine, which 
not only enriches, but difpofes all ordinary Wines 
to grow fine. But Wines well prepared from ar- 
tificial Muft, in the Method above-mentioned, 
are fubject to no Difeafes. And even thofe ob- 
tained in the common Way may be effectually f{e- 
cured, againft all Difeafes, by Congelation, which 
takes away their fuperfluous Water without Pre- 
judice to their vinous Parts J OB 

27. Skimmed Milk likewife is 4 proper For- The Uz of 
cing for all white Wines, Arracks, and {mall Spi- Mle in 
rits ; but improper for red Wines, becaufe it dit,” 

Charges their Colour. Thus if a few Quarts of 
well fkimmed Milk be put to a Hogthead of red 
Wine, it will foon Precipitate the greateft Part 


a) See the Appendix to this Lecture. 
, 4). See below Exp. IV, 


ae ef 
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of the red Colour, and leave the Liquor much 
paler, or almoft white. Whence this Experi- 
ment fometimes becomes of Ufe in turning 
pricked red Wines into Whites, where a {mall 
Degree of Acidity is not fo much perceived. And 
on this Property of Milk depends that other, of 
Kin thereto, whereby it whitens Wines that have 
acquired a brown Colour from the Cafk, or by 
hafty Boiling before they were fermented: For 
in thefe Cafes, the Addition of a little fkimmed 
Milk will alfo precipitate the brown Colour, and 
leave the Wines almoft limpid, or of what they 
call a Water Whitenefs; which is much coveted 
abroad in white Wines as well as in Brandies. 


ExpertMenT II. 


A Method of converting White Wines into Reds 5 
and of recovering the Colour of decayed red 
_ Wines. 


23. We put four Ounces of what is commonly 
called Turnfol Rags into an earthen Veffel, and. 
poured upon them a Pint of boiling Water; then, 
covering the Veffel clofe, and fuffering it to cool,, 
we ftrained off the Liquor, which we found of as 
very deep red Colour, inclining to purple ; for 
that a {mall Proportion thereof would give a: 
beautiful bright red, to a large one of white: 
Wine mixed therewith. 

29. For keeping, this Tin@ture might be mixedi 
with Brandy, or made into aSyrup with Sugar 3; 
but the ufual Way with the Wine-Coopers andi 
Vintners is to infufe the Rags cold in Wine, forr 
a Night or more, and then wring them with theitr 
Hands. ‘The Inconvenience of this Method is,, 
that it gives the Wine a difagreeable Tafte, ort 
what is vulgarly called the Tafte of the Kag:: 

whencee 
| 


| 
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whence the Wines thus coloured ufually pafs 
among the Judges for preffed Wines, that have 
got this Tafte trom the Canvas Bags in which 
the Lees were prefled. | 

30. The Way of infufing the Rags in boiling 
Water is not attended with this Inconvenience ; 
but then itloads the Tin@ure with Water, which 
may prove prejudicial to the Wine; or if made 
into a Syrup, or mixed with Brandy, the Colour 
is thus diluted, or weakened; fo that a large 
Quantity of thefe additional Ingredients comes to 
be ufed with a fmall one of the Colour, tho’ that 
alone be the Thing required. . 

31. Hence the Bufinefs of colouring Wines red Inconveui- 
is attended with confiderable Inconveniencies, in ¢#<#5 
thofe Countries that do not afford the tinging 
Grape, which yields a Blood-red Juice, and with 
which the Wines of France are often ftained. In 
Defe&t thereof at Oporto they fometimes ufe 
the Juice of Elder-Berries, and fometimes Log- 
wood, when their Wines are not naturally red 
enough; for this Colour, it feems, they mutt 
have, to make them faleable, | 

32. The Colour afforded by our prefent Ex- Remedied, 
periment is not properly the Port, but the Bour= 
Geaux-Red, which does not fo well fait with Port- 
Wines: Whence the Foreign Coopers are often 
diftreffed for Want of a proper Colouring to their 
red Wines in bad Years, We would, therefore, 

‘Fecommend to them the Ufe of an Extraé: made 
by boiling Stick Lague in Water s which gives a 
rich Red, that comes tolerably cheap, and is, 
perhaps, the perfe@& red Port-Colour *.. But if 
this proves unfatisfactory, let a Method be tried 
‘of making a Laque out of the Skins of the ting- 


*Y Sec hereafter Le. XIV. Exp, IL. 
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ing Grape, or Raifin de Teinte. Cochineal might 
likewife anfwer the Purpofe, tho’ it lofes of its 
Colour by mixing with all acid Wines. Elder- 
Berries give this Colour in a tolerable Degree, 
but not without communicating a nauleous 
Flavour, 


33. The Produce of our prefent Experiment 
might anfwer well, if the Colour could be had 
pure, or made up into Cakes, without being im- 
bibed by Rags ; for it is very eafy to obicure its 
too great Brightnefs, or vivid purple Brifknefs, 
by the Addition of a little burnt Sugar, Rob of 
Sloes,, Rob of Oak, Rob of Wine, or any other 
Colour bordering upon the Tawny, fo as to make 
a true Port-Colour. 


EXPERIMENT IV. 


A Method of condenfing or concentrating Wines, Vine- 
gars, and Malt-Liquors, for Exportation. 


Wines and 34. We took a Quart of ordinary red Port: 
potable Wine, included in a Florence Flafk, and placing 
Liquors she Flafk in a Mixture of one Part common Salt 


improved . 4 two Parts Snow, or beaten Ice, we found | 


by Freeze 
iN. 


the more aqueous Part of the Wine was foon 
turned to Ice; from which, bya bare Inclination 


of the Glafs, the thick, rich, or more vinous | 


Part of the Wine, was eafily drained. 


The Expe- | 35° This Experiment 1s here performed too 
riment quick, fo that tome of the thick and valuable . 
revulated. Parts of the Wine are catched and detained in) 


the Ice. Yo perform it in Perfection, the natu- 
ral freezing Cold fhould be employed; by which 
Means, Wines, Vinegars, and Malt- Liquors may 


be » 


——SES_aLaLaaaaE 
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be reduced to a fourth of their ordinary Bulk, 
without any confiderable Lofs of their efential 
Parts ; little more than the ufelefs, or detrimental 
Water being thus feparated, fo as to leave all 
the effential Parts of the Wine admirably cured, 
or capable of remaining perfect, for feveral Years, 
as has been found upon Trial. And by a prudent 
Ufe and Application of this Experiment, we con- 


ceive that great Improvements might be made 
in the Wine-Trade. 


36. For by a proper Contrivance, and a little 
Dexterity, which may be eafily gained by Ex- 


perience, large Quantities of the pooreft Wines 


might be thus, at little Expence, converted into 
rich ones, fo as to increafe their Value in Pro- 
portion to the Diminution of their Bulk. - And 
thus alfo, by repeating the Operation, might ex- 
tremely rich and generous Wines, ora true Quint- 


_effence, be procured, for the Amendment of the 
thinner and poorer Sorts. And in this View it 


fhould be remembered, that mountainous W ine- 
Countries are often furnifhed with Snow, by 


means whereof artificial Freezing might be prac~ | 


tifed in the time of Vintage ; the bare intimation 
of which may give a fufficient Hint for introduc- 
ing a newand ufeful Branch of Bufineis, as Wines 
may be hence concentrated after Fermentation, 
no lefs commodioufly than the Juice of the Grape 
before that Operation a). And if to this be added, 
that the “Art of Congelation is alfo capable of Im- 
provement from a proper Ufe of Sal-Ammoniac 
and Water 4) ; for, as the Sal-Ammoniac remains 
eafily recoverable, it fhould feem that little more 
than a fuitable Apparatus is required to bring this 


a) See Le&.X. Exp. IT. 
b) See Led. V. Exp. I. 
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Bufinefs to Perfection, with all defirable Advan- 
tage. 


EXPERIMENT V. 


A Method of recovering prick’d Wines. 


34. To a Bottle of prick’d red Port-Wine 
we added about half an Ovnce of tartarized 
Spirit of Wine ; then fhaking the Liquor well 
together, we fet it by for a few Days, expecting 
to find it remarkably altered for the better; as 
upon Trial it appeared indeed to be. | 

38. This Experiment depends upon the ufeful 
Dotrine of Acids and Alkalies a). All perfect 
Wines have naturally fome Acidity ; but when 
this Acidity prevails too much, the Wine ts faid 


to be prick’d, which is a State thereof tending to 


Vinegar 5). But the prudent Introduction of 
4 fine alkaline Salt, fuch as that imbibed by 
Spirit of Wine digefted upon Salt of Vartar, 
(for fo the tartarized Spirit of Wine is pre 
pared) has a direct Power of taking off the Aci- 
dity; to which. Effeé&t the Spirit of Wine alfo 
contributes, and is in other Refpeéts a great Pre- 


fervative of fermented Liquors ¢). And if the » 


Operation be dextroufly performed, prick’d 


Wines may be thus recovered, and made to’ 


remain found and faleable for fome ‘Time. The 
Liquors, or fuch as are but juft turned four, and 
not near becoming Vinegar. 

39, An Expedient of the fame Nature is fre-: 
quently made ufe of to recover four Small-Beer, , 


a) See thefe Terms explained in the Ghoffary prefixed to) 


our Lefures. 


b> See Lea. VIL. Exp. 1. 
c) See Leé. VII. Exp. 1V. and the Appendix to the prefent 
Lediure. roe | oe 
| De 


fame Method is likewife applicable to hard Malt- : 


the Liquor will fpoil a). 
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by adding thereto a little Chalk or Powder of 
Oyfter-Shells ; for Chalk and Oyfter-Shells be- 
ing terreftrial Alkalies, immediately take off the 


‘too great Acidity of the Liquor, and caufing 
_an Ebullition therewith, give it a confiderable 


Brifknefs, if drank before the Ebullition is en- 
tirely finifhed. In order to continue it the longer, 
’tis beft to add the Chalk, or Oyfter-Shells, 


whole to the Liquor in the Cafk; but Care 


muft be taken to drink it out foon, otherwife 


f 


EXPERIMENT VI, 


A more profitable Method, than the common, of fer- 


menting Malt for Diftillation, in order to obtain | 


from it a Brandy, or inflammable Spirit. 
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40. We took ten Pounds of Malt reduced to pyrauing 
a fine Flour, and three Pounds of common fr DifiiX 
Wheat-Meal; to thefe we added, firft, two /atioz, 


Gallons of cold Water, and ftirred them very 


‘well together; then five Gallons of Water boil- 


ing hot, and ftirred all very brifkly again. Let- 


‘ting them now ftand for two Hours, we repeated 


the Stirring again, and when the whole was 
grown cold, we added to it two Ounces of folid 
Yeatt, and fet it by in a warmifh Place, loofely 
covered, to ferment a). 

41. This Experiment exhibits the Dutch Me- 
thod of preparing the Wa/o, as it is called, for 
Malt-Spirit, whereby they fave much Trouble, 
and procure a large Yield of Spirit; thus com- 
modioufly reducing the two Bufineffes of Brew- 


a) See Le&. VIL. paffim. 
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ing.and Fermenting, to a fingle Operation. In 
England the Methodis, to brew and math for 
Spirit juft as they ordinarily do for Beer; only 
inftead of boiling the Wort, they pump it into 
large Coolers, and afterwards run it into their 
fermenting Backs, to be there work’d, or fer- 
mented with Yeaft; thus beftowing twice as much 
Labour in the Operation, as is required; and at 
the fame Time lofing confiderably of their Quan- 
tity of Spirit, by leaving the grofs Bottoms out 
of the Stull, for Fear of burning. 

And Ad- 


wantages. 


42. In the Manner of our prefent Experiment, 
where the Malt is ground fine, we have all its 
fermentable Parts fet loofe, fo as at once to mix 
with the Water. And we can thus put all the 
Botioms into the Still, without Danger of burn- 
ing ; becaufe being rendered fo fine at firft, they 
entirely lofe their Clamminefs in the Fermen- 
_tation, fo as to become light or buoyant, and 
thus increafe the Yield of the Spirit. 


Recula-. 43. The Meal of unmalted Corn is found ne- 

gis ceflary to be mixed along with the Malt, to pre- 
vent its over-fermenting, and throwing off the 
Matter of the Spirit. But as Difpatch is here par- 
ticularly required, to avoid Expence and a large 
Apparatus of Vefiels, a confiderable Quantity of | 
Yeatt is added to quicken the Fermentation, fo | 
that it may be finifhed in two or three Days. 


44. More Yeaft fhould be added if the Wea- 
ther be cold, and lefs if it be hot; the Converfe 
is to be underftood of Meal, more whereof is re- 
quired in hot Weather to check, and lefs in cold, 
to haften the Operation; which in the prefent 
Cafe is defigned to be violent, contrary to what 
ought to be obferved in the Fermentation for — 
Wines, where the flower the Operation is per- 
formed, the better the Liquor will prove. Which 


Rule 


Of Wines and Spirits. 
Rule may likewife obtain here in a lefs Degree: 
for it is poffible to ferment the Wafh fo vio- 
lently, that it fhall foon.end in Putrefaction a). 
And thus by rightly conducting the feveral Parts 
of the Procefs, we may, by Dittillation, procure 
all the Spirit that Malt and Meal are capable of 
‘affording by Fermentation. The Method of 
_ procuring this Spirit will be fhewn in our next 
Lecture 0). Sart 


AxtoMs and CANONS. 


1. We have feen in the preceding Enquiry, 
that excellent Stums, Sweets, Wines, Vinegars, 
and Brandies, may be prepared from Sugar, in 
any Climate, where Water and Tartar can be 
procured ¢). . 


2. That Malt-Liquors, and Malt- Vinegars, 
may be commodioufly prepared in any hot Cli- 
mate, from the Rod or Treacle of Malt; which 
is fit for Tranfportation, fo as to convey the de- 
fired Virtue of.the Malt in a fmall Bulk, and 
retain it perfect for feveral Years d). 


3: Chat the Perfection of the Art of Vinegar- 
Making depends upon the Converfion of Sugar in- 
_ toa fluid Tartar; or a Method of permanently 
diffolving a large Proportion of Tartar in Wa- 
ter ¢). 


4. That it is poffible to reduce both Wines and 
Vinegars to a thick Syrupy Form f) : fince the 


a) See Le. VIN. paffim. 
4) See Le#, XII. Exp. I. 
c) See Exp.J. See alfo Le# VII. Exp. I. 
d) Exp. 1. See alfo Le&. X. Exp. 1M. 
e) See Exp. I. See alfo Le@. VIL. Exp. I. 
ef) Exp. 154V. 
original 
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original Matter of them both, viz. Sugar, is 
folid, and fince they both may be concentrated 
by Froft te a high Degree of Richnefs and 
Thicknefs. 


5. That a new Art may be introduced of fup- 
plying Foreign Countries with a proper, or rich, 
fyrupy, or treacly Subftance, which fhall lie in 
a {mall Compafs, for the making of Wines, 
Beers, Vinegars, and ,Spirits, in all Climates, 
with confiderable Advantage 2): A Confidera- 
tion deferving the Attention of the Sugar-Colo- 
nies, or their Mother-Kingdoms. 


6. That the fweet and tart Juices, as thofe of 
Summer-Fruits, Cherries, Grapes, &c, confift of 
a faccharine and tartareous Subftance; or, to {peak 
explicitly, of an actual Sugar, and an actual fluid 
‘Tartar : which affords an ufeful Rule for improv- 
ing thefe natural Juices in bad Years, and again 
for imitating them by Art; as alfo for producing 
Wines, Vinegars, and Brandies, without them, 
where Sugar and Tartar can be procured 4). 


7. That there is a great Affinity betwixt Su- 
gar and Tartar, fince they not only refide to- 
gether, and are intimately mixed in all fweet and 
tart vegetable Juices, but alfo feem readily con- 
vertible into each other; for the acid and tart 
immature Juices of Plants become faccharine 
by Ripening; Wine made wholly of Sugar and 
Water-fhoots a large Quantity of Tartar; and 
Sugar is wholly convertible into Vinegar, which 
is a fluid Tartar. Whence much Light might be 
derived for explaining the Nature of Vegetation, 
Acidity, Sweetnefs, Immaturity, Ripenefs, Vj- 


a) Exp.1,1V. See alfo Le@. X. Exp. III. 
) Exp. I. Seealfo Led. VII. and X. paffim, 


nification, 


— 
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ification, Acetification, and the Art of procur- 
ing Tartar 4). 


“o 8. That the Improvement, or Perfection, of — 


feveral Arts may depend upon a fingle Experi- 
ment; as we remarkably fee by our fimple Ex- 
periment. of diflolving “Fastar in Water and Su- 
gar 4); which has a direct Tendency to improve 


‘the feveral Arts of Swécts, Stums, Wines, Vi- 


negars, and Spirits. 
g. That a very large Proportion of Water en- 


ters the natural Compofition of Stums, Wines, 
Vinegars, and Spirits c); as plainly appears from 


hence, that the effential Matter of them all is 
contained in dry Sugar, which being barely dif- 
folved in Water, and fermented, becomes Wine; 
or a Liquor that may, by Congelation, be re- 
duced to 2 fourth, or a fixth Part of its natural 
Bulk, without any confiderable Lofs of its valu- 
able Part, of of little more than its fuperfiuous 
Phlegm or Water d). : 

10. That the Difeafes of Stums, Wines, and 
Vinegars, are owing to an Over-Proportion of 
aqueous Parts; fo that if their Water be taken 
away, without doing Violence to the eflential Mat- 
ter, thofe feveral Commodities may be preferved 
in a State of Perfection; as we fee they actually 
are by Concentration, or Congelation, which thus 
advantageoufly feparates their aqueous Parts with- 
out hurting the reft 2). 
~ ar. That numberlefs new Sorts of Wines and 
Brandies are producible, barely by adding any 
well-fcented Vegetables, or their effential Oils, ora 


2) See Le#. VII. and X. See alfo the prefent Lecture, 
Exp. I. ) | | 
Ete) babel: 

-¢) Exp. I. and IV. 

d) See Exp. IV. ~ 


Mix- 
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Mixture of fuch Oils, to a natural or artificial 
Mutt in the Fermentation a), And the fame may 
be proportionably underftood of the Colours of 
Wines; which might, by proper tinging Ingre- 
dients, be thus procured blue, green, yellow, or 
of other Colours, if it were neceflary, as well as 
pale, or red 4). | 

12. That the phyfical Agent in the Fining of — 
Wines, and other fermented Liquors, is fome 
proper vifcous Subftance, which entangles the grofs 
Particles, and either finks with them to the Bot- - 
tom, or rifes to the Top, fo as to feparate and 
keep them feparate from the Body of the Li- 
quor; and that, on this Foundation, better Me- 
thods of fining may be difcovered, than thofe 
hitherto commonly known and praétifed c). 

13. That tartarized Spirit of Wine isa Remedy 
for acid Wines, and not only abates their Acidity, 
but alfo ftrengthens, and difpofes them to grow 
fine, when they are thick and turbid d@). 

14. That. Milk, deprived of its Cream, will 
difcharge the Colour of redWine, by precipitat- 
ing the tinging Matter to the Bottom; and fo 
likewife leflen, and take off the brown Colour, 
wherewith white Wines are fometimes acciden- 
tally tinged e). 

is. ‘Vhat the Bufinefs of colouring red Wines 
artificially may be improved by a proper Ufe of 
an artificial Turnfol without Rags; fuch as an 
Extract of Stick-Lague, c. but particularly 
an artificial Tincture of the Hufk or Skin of the 
red Grape, or a particular Laque made from the 
Raitfin de Tcinte f). 


a) Exp. I. See allo Le@. VII. Exp. I. 


) See Exp. UL 


pho diad. LL, 
d) Exp. V. See alfo the Appendix below. 


*) Exp. VI. Sf) Exp. UI, 
; 16, That 
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~ 16. That it is in the Power of Art greatly to 
accelerate the Operation of vinous Fermentation, 
fo as to finifh the whole in a few Days Time: But 
that this fhould be done only when a Spirit, and 
not a Wine, is intended; becaufe fuch a hafty 
Fermentation fubverts or deftroys the Texture 
requifite in vinous Liquors a). 


APPENDIX to Lecrure XI. 


aes ee 
The Theory of Vinous Fermentation. 


1. The extenfive Doctrine of Vinous Fermen- 
tation being little regarded, in Proportion to its 
philofophical and practical Ufes, it may be pro- 
per in this Place to lay down its Theory, after a 
-concife axiomatical Manner (as we are the better 
enabled to do from the Labour which Dr. Stahl 
has beftowed upon this Subject 4) and fubjoin a 
few Obfervations with regard to Practice. 

2. Vinous Fermentation is an inteftine Motion 
performed by the inftrumental Efficacy of Wa- 
ter; fo as to ftrike afunder, attenuate, tran{pofe, 
and again collect and recompofe, in a particular 
Manner, the Salt, Oil, and Earth of a ferment- 
apie subject ¢): 

3. Fermentable Subjects, therefore, are mixed 
Bodies ;_ confifting of Salt, O7l, and a Subtle 
Earth a). | 

4. Thefe compound Particles of all ferment- 
able Subjects are fo fmall, that when afunder 
they become imperceptible to. the Senfes; for 


a) See Le&. VII. pafin. See alfo the prefent, Exp. VI. 
and the following Appendix. 

b) See his Zymotechnia fundamentals. 

c) Confider all the Inflances, or what feems equipollent to 
them all, Sugar and Water. , 


chemical Analviis. 


° a 
ne1incr 
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neither the Touch nor the Sight diftinguithes 
them: Whence being mixed with an aqueous 


Fiuid, they leave it tranfparent. Neither have — 
fermentable Bodies any coafiderable Smell or 


Tafte, befides the Tafte of Sweetnefs. 

5. Thefe Principles of Fermentation, viz. the 
Salt, Oil, and Earth, muft of ‘Neceffity be in a 
compound State; for Separation prefuppofes Con- 
nexion @). And by Compolition is not here un- 
derftood bare Juxta-pofition, but a very intimate 
Cohefion of the {mall and different Particles: So 
that the Salt, Oil, and Earth, in each of thefe 
little and infenfible Compounds, are in actual 
Cohefion, Connexion, and Union. | 7 

6. When, therefore, any one of thefe’ Principles 
abounds in an Over-Proportion for an intimate 
Union, the whole Efficacy of the Fermentation is 
either ftopped and impaired, or elfe prefently de- 


termined. and limited to one certain Species. 


7. And this is to be particularly remarked of 


the volatile or effential Oi; which being in an 
Over- Proportion for an intimate Union with the 
reft, rather hinders than promotes vinous Fer- 


mentation, but greatly difpofes the Subject to 


Putrefaction 3). 

8. But if the Sa/t predominates, this does not 
fo much prevent the Succefs of the Fermentation, 
provided it be in fome Kind of Connexion with 
the oily and earthy Principles: And if it be not 
thus connected, it is readily taken, by Solution 


in the Water, from the other duly mixed Por- | 


tion, and thus, in fome Meafure, promotes and 
affifts the Operation. | 
9. This equable Connexion of Salt, Oil, and 


Earth into a fingle compound Particle, makes a 


a) See above §. z. 
6) As inMace, Cloves, Nutmeg, &e. 


Corpufcle 
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Corpufcle foluble in Water; that is, this com- 
pound Corpufcle is, by Means of its faline Par- 
ticle, connected with the aqueous Corputcles, 
and moved up.and down therewith; that is, it 
becomes diffolved therein. 

10, Where thefe compound Corpufcles are not 
thus connected with the Water, many of them 
join together either into a grofs Matter a), or in- 
toa loofe chaffy, or fpungy one 4). 

. When diluted with a little Moifture, eke 
ete Corpuicles feel flippery, clammy, and 
unctuous to the Touch, and after the like Man- 
ner affect the Tafte with a ropy Sweetnefs or In- 
 fipidity <). 

' 2. When undifturbed, and left to themfelves, 
they preferve their mutual Cohefion, and their 
folid or dry Confiftence, without Alteration d). 

- 13. But as foon as an aqueous Fluid is put to 
them, there prefently begins a Commotion, and 
afterwards a fubtile Separation among them. » 

14. This Commotion and Separation firft be- 
gins in the whole Subftance ¢): for before Water 
is added, the Subject may remain in dry, folid, 
and large Pieces f); which being reduced to 
Powder, each Grain thereof is an Aggregate: of 


many lefier compound Corpuicles ; andthefebeing . 


put into Water, diffolve and feparately fica 
therein, till at Length they become fo fmall as to 
be invifible, and thicken the Confiftence of the 
Liquor. 

15. When the compound Particles are thus 
feparated from one another, they are next gra- 


a) As in the Lees of Wine. 

6) As the Grains in Brewing.” 

¢) As appears in all Inftances. 

d) Confider Malt, Raifins, Sugar, and all the Inftances. 
e) As when Sugar diffolves in Water. 

f} As in Malt, Sugar, Ge, : 


dually 


tie 
“” * 
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dually feparated from their own different Parts) | 


that is, the different Particles whereof they con- 
fift, viz. the Salt. the Oil, and the Earth, are dif 
joined from one another by the Interpofition of 
the Particles of Water. 

16. The firft Commotionis no more than a bare 
Solution, when the Water lays hold of the faliné 
Parts of the compound Corpufcle, and thus 


carries them about with itfelf. For of. thefe — 


feveral Principles the faline one fooneft diffolves 
in Water. | | 

_ 17. But the fucceeding Separation, viz. the fer- 
mentative Motion, is a different Thing, and what 
difentangles the oily and earthy Parts from the 
faline, partly by the Impulfe of the others in 
their Motion, and partly by the Force of the 
aqueous Particles that are now continually meet- 
ing and dafhing againft them. ~~. 

18. This Motion is performed by the Water, 
as a Fluid, or Aggregate of an infinite Number 
of Particles, in actual and perpetual Motion ; 
their Smallnefs being proportionable to that of 
the fermenting Corpufcles, and their Motion, or 
conftant Sufceptibility of Motion, by Warmth 
and the Motion of the Air, difpofing them to 
move other fubtile, moveable Corpufcles alfo. 

19. But more particularly, an aqueous Fluid 
gives this Commotion, by the certain Agreement 
of Figure and Size which its Particles have with 
thofe of the Sai of the fermentable SubjeG : 
Whence they come to be readily and clofely 
applied together, fo as to move almott like one 
and the fame compound Corpufcle; whilft the 


' Water is no way difpofed to cohere immediate- 


Jy with the Oil or Earth. “And thus an une 
equal Concuffion is made in the compound Cor- 
puicles of the Subject; which Concuffion at 

length 
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length ftriking out the faline Particle, and loo- 
fening the others, brings on a Separation of the 
original Connexion of the Subject. 
20. Phus if, inftead of Water, an oily Fluid 
Were poured upon any fermentable Subjeét, no 
-winous Fermentation would enfue; as the Oil 
can neither give a fufficient Impulfe to the com- 
-peund Corpufcles, which are grofier than its 
own conftituent Particles, nor force away the 
‘oily or faline Particles of the Subject from the 
‘Connexion of the others, which detain, and as 
At were envelope or defend them, from its ACtion. 
21. Hence an aqueous Fluid alone is the true in- 
frument for procuring a fermentable Motion to 
otheie mixed Corpufcles of the Subject. 
- 22. As the {mall Parts of this aqueous Fluid 
are in a perpetual Motion, and by Means there- 
of affect the compound Corpufcles of the Sub- 
ject, a certain Degree of this Motion is required, 
which principally depends upon external Heat. 
- 23, -It is true, a confiderable Degree of cold 
will not abfolutely prevent all Fermentation, 
though it will greatly retard it; and a boiling 
Heat will prevent it ftill more. The due Heat 
therefore for promoting and quickening the Ope- 
‘ation, is a tepid one, or the mean betwixt the 
two Extremes of Freezing and Boiling. 
| 24. The Admiffion of the Air alfo, though 
not of abfolute neceffity, yet greatly promotes 
and quickens the Action, as being a capital Jy- 
rument in the Moving of oily Particles, and the 
true Analyfer of oily Subjects, in Concurrence 
swith:the Motion of Fire *. 
25. But whilft the Air thus contributes to 
haften the Effect, it at the fame Time, by its 
- Activity, 


* See Lect, II. Exp. U1. IV. 


oe: Aai- 
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Aétivity, caufes fome remarkable Alterations in 
the oily Part; as being capable not only of mov- 
ing, but of abfolutely diffolving and difplacing 


it from its original Connexion, and thus carrying 
it off with itfelf from the whole Mafs @). 


6. And hence, though the Confideration of the 
Air does not in the general fo properly belong to 
Fermentation, yet it does in particular ; as having — 
an accidental Power to alter every Species of this © 
Operation : Whence its Agency ought to be well 
underftood, in order either.to procure defireable 
Alterations in the fermenting Mafs, or to prevent 
and correct fuch as are not eligible. . 


a7. The oily Principle, which the Air thus fe- 
parates and diffolves, is alfo elaftic, though it 
probably has that Property from its Intercourfe 
with the Air itfelf, added to an extreme Subtility 
of Parts; fo that a fmall Bulk thereof containing 
a large Number of individual Particles, may fill 
and fatiate a large Bulk of Air 4). , 

28. To proceed: When an aqueous Fluid 1s 
added to a fermentable Subject, expofed to a 
temperate Heat, and in fome {mall Degree to the 
open Air, a fermentative Struggle immediately 
arifes; the Water by its continual inteftine Mo- 
tion diffolving the faline Part of the compound | 
Particles, and.carrying them up and down with, 
‘efelf infinite Ways, amidft innumerable other * 
Particles, as well merely aqueous as fermentable: 
ones: Whence, by this Collifion and Attrition,, 
the oily and earthy Particles are at length fepa-- 


a) As may appear by the Lofs of Spirit and Flavour in opens 
Fermentation, where the Matter is expofed to too much Air. 


2) As-in the Atmofpheres of odoriferous Vegetables ; and | 
again in Perfumes or ftrong-fcented Drugs; as Mukk, Am-» 
pergreafe, Camphire, Affa-foetida, &c. 


rateda 
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_-rated and disjoined from their Connexion with 
the faline. 

29. The oily Particles, as being the moft fub- 
| tile, and moft difpofed for elaftic Motion, would 
_ thus be thrown up to the Surface of the Liquor, 
and carried off by the Air, if they were not 
long involved or enveloped in the earthy ones ; 
which are not only undifpofed and unfit for Avo- 
tation, but alfo ftrongly inclined to form larger 
| Collections or Aggregations with other earthy 
ones, and fo fink with them to the Bottom a). 
© 30. But before this can be fully brought 
about, that is, before many of the earthy Par- 
ticles are gradually collected together by their 
frequent Occurfions, fo as to form a Bulk that 
can be no longer moved about by the aqueous 
| Bluid, it happens that, by thefe repeated Colli- 
fions, fome of the oily Particles (now disjoined 
from the faline ones, which are ftrongly agitated 
_ by the aqueous Particles, and feparated from the 
earthy ones) are again, by Degrees, more inti- 
mately connected with the faline ones; whilft, 
on the other Hand, thefe fame faline Particles 
imbibe and take to themfelves fome of the earthy 
ones, which being left fingle, upon their Sepa- 
ration from the oily Particles, floated feparately 
about in the Fluid 3). 

31. And hence proceed the feveral different 
Confequences of Fermentation; wiz. (1) From 
the Extrication of the faline Particles of the Sub- 
ject proceeds the tart, faline, or acid Tafte of 


_ @) In the Form of Lees or Sediment. 

6) Obferve that this whole Doétrine is not delivered as hy- 
pothetical, but as derived from a careful Confideration of all 
the Inflances, both a priori and 4 pofteriori, in the Way ofa 
juft Indu&ion. 
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the Liquor; which is more fenfible at firft, be- 
fore the Liquor is duly compofed and fettled, 
or the new Arrangement and Connexion of the | 
faline Particles witn thofe of the oily and earthy — 
Kinds compleated : After which the Liquor 
proves milder, fofter, or lefs pungent. (2) From 
the oily Particles being fet at Liberty, proceeds 
the ftrong Smell of the Liquor, and the Head or 
the fhining Skin upon the Surface. (3) The earthy 
Particles collecting together in Clufters, caufe — 
the Fluid firft to appear turbid, and afterwards — 
to precipitate a vifible earthy or clay-like — 
Matter: And fome of thefe earthy Parts in | 
their Motion arriving at the Head or oily Skin on | 
the Surface, caufe it to thicken; and afterwards 
carrying it down along with them, thus confti- 
tute the Lees which abound in Oil. (4) From 

‘this Struggle or Collifion, which is productive 
both of Solution and a new Connexion in the fa- — 
line and earthy Corpuicles, proceeds the Ebullt- 
tion in Fermentation. And laftly, by the fame: 
repeated Collifion of the oily with the aqueous 
and faline Particles, the inflammable Spirit 1s 
produced a). 

32. Water performs this whole Series of — 
Changes, by becoming the Inftrument and Me- » 
dium of new Separations, Tranfpofitions, andl 
Combinations ; as alfo preferving thefe new Com- : 
binations after they are made, by a Kind off 
conftant Interpofition, or eflential Concurrence byw». 
For Wine cannot, without extreme Alteration,» 
be deprived of all its Humidity ; though it may’ 
be freed from the fuperfluous Part thereof by’ 
Congelation, without the leaft Prejudice c). : 


a) See: Lect. VII. Exp.1V. 
b) See Lect. XI. Exp. IV. 
c) This appears to be true in Fat. 


33. And? 
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33. And although the aqueous Humidity were 
inturely taken away, yet the fermented Matters 
would ftill retain and refpectively fhew the Al- 
‘teration brought upon them; for the Spirit, 
with its effential Aquofity, would appear in one 
‘Place, the acid Salt in another, and the dry 
Earth, or unctuous Feces, in athird 2): And 
in the two laft the aqueous Part may be totally 
feparated, without any way altering the Places 
or State they were put into by the Act of Fer- 
mentation 4). | 


SCE CTs C1. 


Pra&tical Obfervations relating to vinous Fermen- 
: tation. | 


-» g. According to the Doctrine above deliver- 
ed, every fermentable Subject is in itfelf, or 
-may be reduced to, a dry and folid Body, con- 
fifting of oily, faline, and earthy Parts, fo put 
together as perfectly to diffolve with Water in- 
to a tranfparent clammy Liquor: Whence Malt 
oer other Grain, Grapes or other Fruit, are to 
have their proper fermentable Parts eftimated 
by the Quantity of dry, pure, fermentable 
“Matter, or Sugar, they would yield ; all their 
ether Parts being either chaffy or aqueous, 
and foreign to the real Purpofe of Fermen- 
tation. 

-2. This teaches us a Rule for reducing all 
fermentable Matters to their leaft Dimenfions, 
and preferving them at all Times fit and perfect 
for Ufe; viz. by making them into pure dry 
Sugars: Which, though at prefent generally 


a) As we fee in Tartar, and dry Wine Lees. 
&) See Le@, VI. paffim. 


Q 3 practifed 


y ‘ 
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practifed upon the Sugar-Cane only, is per- 
formable to good Advantage upon other Sub- 
jects a). 7 

3. The Perfection of Fermentation in general 
depends upon three Things ; viz. (1.) the Good- 
nels and Suitablenefs of the Subject; (2.) the 


Goodnefs and Proportion of the Water put to it; 


and (3.) the Regulation of the Operation. 


4. The Goodnefs of the Subject in general is — 


determined by its Purity and perfect Solubility 
in Water, without impairing the Tranfparency 
thereof, or changing its Colour. And this Cha- 


yacter is excellently anfwered by the fineft Su- 


gar; though the ufual Manner of preparing 
and refining it, by a ftrong Heat, fomewhat 
indifpofes it for a ready Fermentation, which 
newly exprefied and unboiled vegetable Juices are 
greatly difpofed to; whence their Fermentation 
is much fooner finifhed. 


5. That Water is generally allowed beft for 


Fermentation, which of itfelf contains moft fer- 
mentable Parts ; and fuchis, (1.) the Water that 


naturally erows along with Fruits; (2.) Rain ~ 
Water, which is impregnated with vegetable 


Matters; and (3.) River-Water, which alfo con- 
tains fome vegetable Subftances ; but (4.) Spring 
Water is the pureft and leaft altered by foreign 
Mixture: Whence the trueft Eftimate may be 
made of a fermentable Subject by its Means, pro- 


vided it have no Peculiarity contrary to the Na- 


ture of Fermentation 3). 

6. The Quantity or Proportion of the Water 
is limited by the Nature of the Thing. We fee 
that dry fermentable Subjects will never of them- 
felves fall into Fermentation; too little Moifture 


a) See Le#, VII. Exp. V. and Le@. X, Exp, II. 
b) See Le@. V. VII, and X, : 


difpofes 
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difpofes them rather to putrify than ferment * ; 
and too large a Proportion fcatters and diffufes 
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them, fothat the Parts have not their Effect upon 


each other, and become in a Manner loft : So 
that there is a certain middle Proportion which 
is beft, and fuffers the Whole to ferment freely, 
and to obtain fuch a Body and Confiftence as 
will enable it to keep found and perfect ; and 
this Proportion is about two thirds or three 
fourths of Water to one of perfectly pure and 
dry fermentable Matter. 

7. The Regulation of the Operation includes, 


(1) the Manner of putting the Subject to work ; 


and (2) the external Regimen during the Ope- 
ration. The Subje& may be fet to work either 
with or without Addition, and with or without 
Heating; and this according to the Climate or 
Seafon of the Year. The recent expreffed Juice 
of Grapes feldom requires either ; but falls im- 


mediately to ferment of itfelf, and finifhes the 


Work in a few Days. But in cold Countries all 


fermentable Juices require to be quickened by 


artificial Warmth, and the Addition of a proper 
Ferment. The Heat fhould be barely tepid, 
and the Quantity of Ferment moderate; fo as 
to begin the Operation fpeedily, before the Li- 
quor receives any Damage from the external Air, 
or Change of Weather. The Ferment employed 
muft be of the fame Nature with the Liquor, or 
yielded by a fermenting Subftance of the fame 
Kind; otherwife it will introduce and imprefs 
its own foreign Nature upon the Subject. 

8, Ferments are thofe Subftances which added 
to a Liquor prepared for Fermentation, make 
it begin and end the Operation fooner than it 
would have done by itfelf. They confift of 


* See ira. Vil: 


Q 4 the 


LAME 


LecTURE THE ELEVENTH. 


the moft fubtile; moveable Parts of the ferment: 
ing Liquor, already feparated {rom the grofler 
or more fluggifh ; and are therefore thrown up 
to the Top of a fermenting Liquor: Whence 
eing taken in their State of fermenting Motion, 
and added to.a frefh Parcel of prepared Liguor, 
no wonder if they joon fet it alfo in a ferment- 
ing Motion. But Care muft be had not to ufe 
an Over-Proportion, leit ihftead of quickening 
the Operation, it fhould be perverted by too 
great a Confufion and Diforder; which if it 
fhould happen, can not eafily be ftopped, nor its 
Inconveniences be eafily remedied. | 
g. The external Regimen during the Opera- 
tion regards the Admiffion or Exclufien of the 
Air, and the Warmth of the Place. The free 
Admiffion of the Air greatly promotes and 
quickens the Operation, but carries away fome 
of the fine, volatile, unctuous Parts of the Sub- 
ject, and confequently impoverifhes the Liquor : 
whence the moft perfect Way is to exclude 
the Air, and to perform the Operation in a 
clofe Cafk, if Expedition be not required. In 
this Cafe, a little Space fhould be leit unpoffef- 
fed by the Liquor at the Top of the Vefiel, and 
then there will be no Danger of burfting it. 
Indeed this might otherwife be readily pre- 
vented, by the Ufe of a Valve to Jet out the 
foul Air, which is conftantly generated in Fer- 
mentation, and if too long detained in the Cafk, 
is apt to be imbibed again by the Liquor, fo as 
to give it a naufeous Tafte and Odour. And 
if the Climate or Seafon be cold, the Place of 
the Operation fhould be kept moderately warm 
by Fire, or fome proper Contrivance ; otherwilfe 
the Fermentation may languifh, or be checked, 
before the full Effect is procured. 
10, Thefe Cautions being duly obferved, 
‘ the 
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the Operation will be performed to great Ad- 
vantage. When it is fully ended, or rather a 
little before, the containing Veftel muft be 
clofe ftopped up, and kept “well fecured from 
the external Air, that the Liquor may, of it- 
felf; grow perfectly bright and fine; as it will 
do, if no Error has happened in the Manage- 
ment. And this is the moft perfeét Method of 
fermenting Wines, where the fermentable Li- 
quor is prepared by Art 2); but other Cautions 
and Rules are required, when Nature affords 
the Juice imperfect, or unduly mixed, as in 
bad Vintages, &c. 5). 

11. But this Method of fermenting clofe is 
fomewhat flow; and greater Expedition is often 


required in Practice, infomuch as fometimes to 


become the primary Confideration. We fhall 
therefore next take a View of the feveral artifi- 
cial Means to be ufed for fhortening the Opera- . 
tion, without any confiderable Prejudice to the 
Liquor. 

12. The Things that have a principal Tenden- 
cy to haften the “Bufinels of Fermentation, are, 
(1) the making of the Liquor fufficiently dilute ; 
(2) the Addition of a large Proportion of Fer- 
ment; (3) the keeping the Whole in a due De- 
gree of Warmth; and (4) the free Admiffion of 
the external Air. 

13. *Tis a common Obfervation, that thin 
Wines finifh their Fermentation fooner than fuch 
as are rich ; as if, for the Sake of Difpatch, they 
fhould be made a little thinner than ufual. The 
Defect may be afterwards fupplied with Spirit of 
Wine, and richer Wine, according to the Prac- 
tice in Wine-Countries when the Vintage proves 
poor and watery c). 

a) See Le&. VIL. Exp, 1. & Le. XI. Exp. 1, 
&) See Led, VII. & XI. paffim. ) See Led. XI. ate 
14. 
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14. A large Proportion of Ferment has a 


great Power to forward the Operation, and be- __ 


comes neceflary in making all the artificial Wines, 
where the vegetable Juice is not recent, or 
where it has felt the Force of the Fire; unlefs 
the Wine be purpofely defigned to ferment im- 
perfectly, that it may retain its Sweetnefs, and 
appear the richer: but this is always with a 
Lofs of Strength or Spirit, which, however, may 
readily be fupplied by the Help of Brandy. 

i4. Where the utmoft Expedition is required, 
a due Temperature, or tepid Degree of external 
Warmth, muft, by all Means, be kept up by 
Art, if the Climate or Country does not natu- 
rally afford it: For Heat has a peculiar Power of 
liquifying and thinning all Fermentable Juices, fo 
as to make them work, without leffening their 
Strength as diluting does; which indeed it rather 
increafes, if it be not too violent, or too long 
continued. 

16. We have already obferved, that too free 
an Admiffion of the external Air, though it great- 
ly forwards the Operation, yet confiderably pre- 
judices the Liquor, by carrying off its finer and 
more fpirituous Part. The free Air, therefore, 
is to be admitted prudently, and principally at 
firft, in order to excite the fermentative Motion ; 
and this fpirituous Part may be afterwards de- 
tained, or kept from flying off, towards the 
End of the Operation, by covering the Veffel 
clofe, or giving it but little Vent. And when thefe 
feveral Means are prudently ufed together, the 
Operation may be performed with confiderable 
Expedition and Advantage; provided the original 
fermentable Matter be rightly difpofed, or duly 
mixed of faline or acid, oily, and terreftrial Parts. 

17. The Phenomena of vinous Fermentation 
are various, and differ according to the Degree 

ot 
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of the Operation; though the ultimate Effect is 
generally the fame. Sometimes the Fermenta- 
tion gives manifeft Signs of itfelf; as by Froth- 
ing, Hiffing, Explofion, &c. and fometimes 
again fcarce any manifeft Signs at all; whence 
we may confider it as an apparent or latent Ope- 
ration. ‘(he apparent is fufficiently known by its 
Signs ; but the latent has been lefs regarded. 


18. When any fermentable Matter is fufficient-: 


ly diluted with Water, it has immediately a na- 
tural Tendency to Fermentation , and hath of- 
ten attually fermented and produced a Wine, 
though a Spectator could neither fee, nor well fu- 
{pect, any fermenting Motion in the Liquor. In 
this Cafe, where no Ferment has been ufed, and 
the Operation proceeds in its own natural, flow, 
and filent Manner, there may be commonly feen 
on the Surface a thin, fhining Skin; which, in- 
{tead of a large, frothy Head in the ftronger Fer- 


mentation, keeps in the fine Parts, and prevents 


their Avolation and Efcape. Sometimes alfo a 
Degree of Hoarinefs, Finew, or Mouldinefs, 
will appear on the Top, without mixing itfelf 
with the Body of the Liquor, or without com- 
municating any ill Tafte thereto. And in this 
Manner a flow and filent Fermentation has been 
carried on for feveral Months, without any fpirt- 
ing up of Bubbles, or other common Signs of 
the Operation; though it has, at laft, finifhed 
its Courfe to greater Perfection. 

19. And fomething like this /lent Fermentation 
remains for a long Time in the Liquor, after 
the common ftumultuary Fermentation is finifhed, 
which indeed leaves its Work but imperfect ; 
fo that the Liquor afterwards requires a confi- 
derable Time ‘to grow fine, ripen, and become 
fit for Drinking: Whereas in the filent Me- 

thod 
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thod, thefe Ends are all at once carrying on 
at the Time of the Operation. And here hes 
a great Part of the Advantage which the flow 
Way. of fermenting clofe has over the com- 
mon one. | 

20. It is obfervable, that though a {mall 
Quantity of Liquor finifhes its Fermentation 
fooner than a. large one, yer the larger proves 
the better; as a great Body of Liquor is not fo 
liable to receive pernicious Alterations, from 
Heat, Cold, the Air, or other accidental Things. 
And even where nothing remarkable of this Kind 
has happened, it is furprizing to note the Diffe- 
rence betwixt a fmall Quantity and a large one, 
of the very fame Liquor, fermented in the very 
fame Manner, only the one in a {mall and the 
other in a large Veffel. 

21. Small Wines may be brought to undergo 
a fecond Fermentation, by being mixed with 
proper fermentable Materials; and thus may 
be rendered ftronger and. richer, fo as to be fit 
for Exportation, &c. Otherwife it is obferved 
that Wines which finifh their Fermentation in 
eight or ten Days, will not ordinarily endure 
the Sea. : 

22. It is a neceffary Caution in al] Fermenta- 
tion, to prevent too great external Heat, for Fear 
of changing the Fermentation to Putrefaction *, 
and to remove the Wines to a cooler Place, when ~ 
the Violence of the Operation is over ; that they 
may purge and fine them/elves by Degrees, with- 
out Danger of turning acid, as they are apt to 
do in a hot Place. Or if they cannot be kept. 
eool, they ought to be early racked from their 
Lees; which tends to preferve them found, and 
prevents their turning eager, ropy, and foul a). 


*) See Lect. VII. 
23. It 
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23. It is to be obferved of all Liquors pre- 
pared by Fermentation, that the Interpofition of 
Water keeps not only the faline, oily, and {piri- 
tuous Parts, but alfo the mucilaginous and earthy 
ones, in their due Arrangement and fome Degree 
of Connexion ; from which if they are again dif- 
turbed, there happens fuch a Change as cannot 
well be prevented from proving pernicious, but 
the Liquor will fucceffively and haftily proceed 
on to Corruption a). ‘Thus if a fermented Li- 


quor be agitated by a great boiling Heat, its 


proper Arrangement is thereby difordered, and 
the Liquor not only becomes manifeftly thick 
and turbid, but more faline and auftere, through 
the Separation of the fpirituous and oily Particles 
from the faline ones, wherewith, being before in 
fome Meafure connected, their Acrimony was 
fheathed or abated. 


24. Such Liquors tend fo much the fafter to 
Alteration or Putrefaction, if they are not care- © 


fully looked after and preferved ; but efpecially 
if, through any great Commotion by Heat, the 
more intimate Connexion of the fpirituous Parts 
with the faline and mucilaginous, or even with 
the remaining aqueous ones, be difturbed and 
broken: Whence either the whole Mafs turns 
to Vinegar, or toaropy, corrupt, putrid Sub- 
ftance a). But if fuch fermented Liquors are 
carefully preferved at Reft, and kept from Inju- 
ries, they will long remain in a found and un- 
corrupted State ; as we continually fee in Wines 
and Malt-Liquors. 

25. And farther, all thefe fermented Liquors will 
be fitted to refift the Alterations of the Weather or 


a) See Le&. VII. - 
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Seafons of the Year, with refpect to Heat, Cold, 
and a fermenting Humidity in the Air, (which is 
by fome efteemed the Caufe of Fretting in Wines) 
if their fuperfluous Water be artificially feparat- 
ed from them, fo as that the Liquor itfelf may 
be concentrated ; in which State it will remain 
for many Years unchangeable, through the Sum- 
mer’s Heat, and the Winter’s Cold *. 

26. When a chemical Analyfis is made of thefe 
Liquors, the firft Part that rifes is inflammable 
Spirit; the next, Phlegm, mixed with an Acid, 
and an effential Oil, leaving a thick Matter, or 
Rob of Wine, at the Bottom; which, when 
freed from its fuperfluous Moifture, is obferved 
to be very durable, and full of Tartar. But the 
bare Mixing of thefe feveral Parts together will 
not make the original Liquor again: Which 
fhews that they were all before conneéted in a 
certain particular Manner, which was diffolved 
and deftroyed in the Act of Separation; and 
again, that each of thefe Productions received a 
particular new Kind of Alteration from that A& 
of Separation, which will not fuffer them to reu- 
nite as before, without fome proper intermediate 
Subftance, or a new Fermentation. 

27. Lience pure Wine confifts of much Wa- 
ter, a2 moderate Quantity of inflammable Spirit, 
a little effential Oil, a Proportion of acid Salt, 
and a certain mixed Subftance, or Rod, called 
by Becher, the media Subjiantia Vini. And whilft 
thefe feveral Parts remain firmly united together 
in their due Proportion, the Wine is in its per- 
fect State: But as their Connexion proves loofe, 
or any one of them becomes deficient, or abounds 
jn an Over-Proportion, then the Wine is faulty, 


SnSee- Lect Al, Eapalv. 


and 


: 
: 
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and expofed to Injuries and Alterations for the 
worfe: And this fhews us the true Foundation 
of what may be called the Health or Difeafes 
of Wines. 

28. That a large Proportion of Water necef- 
farily enters the Compofition of Wine, appears 
plainly by its artificial Preparation 2); and 
again from the Congelation of the natural 3), 
But though this large Quantity of Water is re- 
quifite in the Fermentation, and ferves to carry 


it on the better ; yet it is not afterwards effential — 


to the Wine, but rather foreign and detrimental, 


_ expofing and fubjecting it to Changes, which ic 


would not otherwife undergo: Whence the fo- 
vereion Remedy for all Wines, is to deprive them 
of their fuperfluous Water, in order to render 


‘them perfect and unchangeable, without fome. 


uncommon and extraordinary Violence or Ac- 
cident. And indeed this Remedy is fo effec- 
tual as to make all others unneceflary ; infomuch 
that the pooreft and thinneft Wines may, by its 
Means, be rendered perfectly durable, and full 
bodied 0). 

29. But as there may be fome Dificulty in the 
particular Ufe of this grand Remedy (in the large 


- Way of Bufinefs) the next Expedient. is, to ufe 


highly rectified and pure Spirit of Wine, in fuch 
Proportion as to prevent all Change for the worfe, 
and preferve the effential Parts of the Wine, as it 
were by a Balfam. But when the Cafe is very 
bad, this Remedy of itfelf will fcarce prove 
fufficient, unlefs affifted by fomewhat to give 
a Body as that gives Strength. Whence it is 
highly convenient to have always at Hand a 


a) See Lect. VII, Axo. I. 
b) See Lect. XI. Exp. lV. 
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Quantity of Wine made as rich as ever it will 
ferment; a fuitable Proportion whereof being 
added along with the Spirit, will have a very 
good Effect ; efpecially if the Whole be quicken- 
ed with a little effential Oil of Wine, which, in the 
Cafe of over-aqueous Wines, is generally defi- 
cient. And this being a capital Difeafe in Wines, 
or that to which moft of the reft are originally 
owing, it may be proper here to give a Form of 
a Remedy which has been found effectual for 
the Purpofe. | 


30. Take an Ounce of fine effential Oil of 

: Wine, mix and grind it with a Pound of 

dry Loaf-Sugar into an Eleofaccharum ; 

diffolve this E/zofaccharum in two Gallons 

of the richeft Wine ; and add to it two 

Gallons of the fineft Spirit of Wine, fo 

as that they may be well incorporated to- 

gether. The Dofe of this Mixture muft 

be proportioned to the Exigence; but in 

ordinary Cafes one half will fuffice for a 
Pipe of Wine. 


31. There is a Difeafe of Wines oppofite to the 
former, and that is when too much of their aque- 
ous Moifture is drawn from them, whence they be- 
come dry and parched, as it were, for Want of it. 
This Cafe indeed cannot well happen, except by 
the Method of Condenfation; whereby Wines - 
may have their effential Parts brought fo clofe 
together, as to become unfit for Drinking till 
fet more afunder, and diluted. But this mutt 
not be attempted with Water alone, for Fear of 
inducing a Flatnefs. The'beft Way is, to havea 
dilute or thin taftelefs Wine ready at Hand for 

the 
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the Purpofe @); whereby any Degree of Small- 
~nefs may be given at Pleafure. 

__ 32. But the artificial Method of preparing 
- Wines renders all Remedies unneceflary, as it 
—intirely prevents their Difeafes; fo that they need 
- not be made either too aqueous, ortoo dry, but 
—conftantly of a perfect full Body, and therefore 


not fubjeét either to Acidity, Ropinefs, or Foul- 


_nefs, when once well cleared of their grofs Lees, 
in the ordinary Way of Racking. 

33. But in Cafe the Wine fhould not foon 
grow fine of itfelf, the Addition of a little tar- 
—tarized Spirit of Wine will haften the Effect 4) : 


- Or, to make at once a general Remedy for Wines~ 


that are too poor and aqueous, or will not tho- 
roughly fine themfelves; let a pure, taftelefs, 
and totally inflammable Spirit be made from Su- 
gar; digeft this Spirit upon a tenth Part of pure 
and dry Salt of Tartar for three Days; decant 
the Liquor, and put it to ten Times its own 
Quantity of a Wine made as rich as it poffibly 
would ferment: Of this Preparation fix or eight 
Quarts will at any Time mend, improve, and 
fine down a Pipe of ordinary Wine. 


a) See Le. VIT. Exp. T. 
Oy See Led eh Babli, IAF: 
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Attempts to illuftrate and imprvve the Arts 
depending upon DISTILLATION, 
viz. Malt-Stilling, Rectifying, and Com- 
pounding. 


The Sub- 1. 


y AVING already gone through the Arts 
pea. ‘ 


depending immediately upon vegetable 

Fermentation, we next proceed to con- 
fider the Ways of improving the Art of Di- 
fisllation, which depends thereupon feconda- 
rily. 

Difilla- 2. The Word Diffillation is here ufed in the 


tion, what, popular Senfe, to fignify the Art by which all_ 


inflammable Spirits, Brandies, Rums, Arracks, 
and the like, are procured from vegetable Sub- 
jects, by the Means of a previous Fermentation, 
and a fubfequent Treatment of the fermented Li- 
quor by the Alembic, or Hot-Still, with its pro- 
er Worm and Refrigeratory. 
The Arts 3. The Arts therefore at prefent to be con- 
therein’ Fdered. are thofe of Malt-Stilling, Rectifying, 


concerned. sail 
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and Compounding, with the Bufinefs of the Bran- 
dy-Merchant, the Officers of Cuftoms and Ex- 

' cife fo far as relates to Spirits, and of the feveral 

Dealers in Brandies, Rums, Arracks, and Cor- 

dial Waters. — | | 
_4- The Experiments we fhall exhibit will thew, ex of 

(1.) the Method of Diftilling a Spirit from a fer- Bs 

mented Malt-Wort, commonly called Wad, in 

order to obtain Aqua Vite, or the ordinary Malt 

Spirit, of which many Cordial Waters are made 

by the Compounders, Apothecaries, and others : 

(2.) Our fecond Experiment will exhibit the Me- 

thod of purifying or rectifying this Spirit of the 

firft Running, or, Low-Wines, as they are called, 

into a faleable Proof-Spirit, or what they em- 

phatically call Proof Goods; that is, a certain 
{tandard Spirit, ufually confifting of one half | 

Water andthe other half Alcohol: (3.) Our third | 

Experiment will exhibit the Art of the rectifying 

Diftiller, or the Method whereby the Proof 

Goods of the Malt-Stiller are made into a fweeter 

or cleaner Spirit, for the finer Ufes of the Com- 

pounder and Apothecary: (4.) Our fourth Ex- 

periment will fhew the true Method of examin- 

ing Proof in Spirits, and difcover the Invalidity 

of the common Methods of judging of the Pu- 

rity, Genuinenefs, and Goodnefs of Brandies, 

Rums, and Arracks: And (5.) our fifth Expe- 

riment, will fhew the Method of making Cordial 

or Compound Waters in Perfection, 
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EXPERIMENT I. 


The Method of diftilling Malt-Wafb, or a fermented 
Mixture of Meal and Malt, for Spirit. 


5. We brifkly ftirred together the Malt- Wath 
prepared in the laft Experiment of our laft Lec- 
ture, and therewith filled two thirds of a Still, 
firft made hot and dewy on the Infide with boil- 
ing Water, and kept the whole Stirring till it al- 
moit begun to boil; then we immediately clapp- 
ed on the Head, and luted itdown. There now 
foon ran, in a flender Stream, from the Nofe of 
the Worm, a fpirituous Liquor that was in- 
flammable, or burnt inthe Fire. We continued 
to work fo long as the Liquor that came over 


would, when thrown upon the hot Still-Head, 


catch Flame from a lighted Candle applied to 
the rifine Fume. 


6. And thus we obtained what the Malt-Stil 
lers call a Malt Low-Wine, that is, a fpirituous 
Liquor from fermentéd Malt and Meal, fo di- 
luted with Phlegm or Water, as that the latt 
Runnings of it would not burn upon the Still- 
Head, ‘That which comes over after the Spirit 
falls off from being Proof, till it will no longer 
burn on the Still-Head, is called by the Name 
of Faints 


7. This Experiment may be rendered gene- 
ral, by a flight Variation of Circumftances ; that 
is, it may be made to ferve as an Inftance of all 
the Ways of procuring inflammable Spirits, 
whether Brandies, Rums, Arracks, Cyder- Spirit, 
or the like : For if any Wine, Beer, or fermented 


Liquor 
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_ Liquor from Sugar, Treacle, Roots, Fruits, &&¢, 
_ be treated in the fame Manner, it will afford a 
Spirit differing only according to the Nature, or 
- f{pecific Tafte and Odour, of the Subject. 


8. But none of thefe SubjeGts will afford the 
— leaft drop of inflammable Spirit without a pre- 
- vious Fermentation a). Thus though the recent 
_ Juice of the Grape, or any other fermentable 
_ Juice, were diftilled to Drinefs, yet no inflamm- 
able Spirit would be procured: Whence it ap- 
pears that inflammable Spirit is a Thing pro- 
duced by Fermentation b), | 


g. The Cautions required to render the Ex- Castiozs. 
periment fuccefsful, and the Production perfect, — 
are, (1.) That the Fermentation be well per- 
formed, and the Liquor become truly vinous, 
and of an acid Pungency c);. (2.) thatitbe gently 
diftilled, by Means of a foft, well regulated, 
Fire; (3.) that the groffer Oil, apt to rife along 
with the Spirit, be kept back by a proper Strain- 
er, or thick doubled Flannel, laid under the Nofe 
‘of the Worm. If thefe Cautions be duly ob- 
ferved, the Low-Wines will prove confiderably | 
pure and vinous. 7 
to. When all the Spirit is thus obtained there Manaze- 
remains behind in the Still what they commonly ment. 
call Bottoms; that is, the grofs Parts of the 
fermented Meal and Malt mixed with Water. 
This grofs Matter is generally ufed for the 
Feeding of Hogs ; whence the Malt-Stillers 


a) See Le&, VII. Exp. IV. 
6) See Lect. X1. paffim. 
c) See Led, VII, and XI. 
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of England are commonly large Dealers in Hogs: 
But in Holand that makes a feparate Bufineds. 


11. Thus we have gone through three of the 


principal Branches of Malt Stilling ,; wiz. the 


Brewing, Fermenting, and firft Diftilling Parts ; 
or the Making of the Wort, the Working it in | 
the fermenting Back, and the diftilling it from 


the Wath. a). Tiered Sai teoned ats MaeRe 


Proof: Spi- 


Tit. 


this Art, wz. the Rectifying Part; or the Way 
of making up their Goods, as they call it, to fale- 
able Proof: And how this is performed will be 
feen by the following Experiment. 


EXPERIMENT II. 


The Method of fimple Rettification, or Diftilling the 
Low-Wines, produced by the foregoing Expert- 
ment, into Proof-Spirit for Sale. 


12. We took the Low-Wines produced in’ 
the preceding Experiment, and diftilled them 
over-ayain i Balneo Marie, or barely by the 
Heat of boiling Water; and thus we obtained 
a purer and. higher rectified Spirit than before, — 
which being let down with fair Water to a cer- 
tain Size or Standard called Proof b, is what 
the Malt-Stillers underftand by Proof-Goods, or 
their rectified Malt-Spirit. 


nv) See Led. XI. Exp. VI. 


b) What this Proof is, fee explained in the fourth Experi- 
ment of the prefent Lecture, 
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13. The common Malt-Stillers indeed do not 
thus rectify their Spirit in Balneo Maric, but 
barely rediftill their Low-Wines in a {maller 
Still; fo that their Spirit is not fo clean as that 
of our prefent Procefs. The Perfection there- 
fore of the Art of Diftilling from Malt feems 
to require a good Method of rectifying clean, 
as well as a careful Obfervance of the Cautions 
above laid down a). 

14. Having thus regularly gone through the 
whole Art of the Ma/t-Stiller, as it is practifed 


by the more intelligent Artifts, we proceed to 
offer a Confideration or two for its farther Im- 


provement, 


24-7 


1g. The Inconveniencies of this Art regard Inconveni- 
either the Subject, or the Work. The Subed, 


we fee, is Malt; which being of a large Bulk, 
in Refpect of its faccharine Part, and requiring a 
great Proportion of Water. to extract this Part, 
hence many large Veffels, fuch as Mafh-Tuns, 
Coolers, Fermenting-Backs, Coarfe-Stills, and 
Fine-Stills, become neceffary therein; whereby 
the Labour alfo is increafed, and the Price of 
the Commodity enhanced. ‘his Art, therefore, 
being far removed from Simplicity, is confe- 
quently far removed from Perfection. 

16. The Remedy here fhould feem to de- 
pend upon: the Introduction of a new Art, fub- 
fervient to the Art of the Malt-Siller, and con- 
fining itfelf to the Boiling down of Male Wort 
toa Rob 3), fo as to fupply the Malt-Stiller 
with his Subjeét, in the fame Manner that the 
Fine-Stiller is now fupplied by the Sugar-Baker 


a) See §. 9. 
b) See Le@. X. Exp. Ill. 
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with Treacle: For thus the complex Bufinefs 
of the Malt- Stiller might be commodioufly re- 
duced to a great Degree of Simplicity. 

17. By the fame means the Spirit of the 
Malt- Stiller would alfo become much finer than 
at prefent ; becaufe the Subje& would come 
tolerably refined to his Hands, or purged of its 
grofs, mealy, and hufky Matter, which yields 
a difagreeable Oil in Diftillation; and is alfo 
apt to burn in the Still, and fpoil the Spirit. 
We therefore recommend it to thofe who are 
fkilled in this Branch of Diftillation, to try 
whether a Spirit fuperior to that of Treacle may 
not be procured from the Rob of Malt, pru- 
dently prepared and fermented 

18. There needs no particular Experiment to 
fhew the bufinefs of the Fine-Stiller ; that being 
no more than Working, in the Manner above 
explained, from a Wath made by fermenting 
Treacle with Yeaft; though it is ufual to adda 
confiderable Proportion of Malt, and fometimes 
a little powdered ‘fa/ap, in the fermenting Back. 
The Malt accelerates the Fermentation, and 
makes the Spirit come out the cheaper ; and the 
jalap. prevents the Rife of any crufty Head on 
the Surface of the fermenting Liquor, and fo 
leaves a greater Opportunity for the free Accefs 
of the Air; which alfo fhortens the Work, by 
turning the foamy into the more hiffing Kind 


of Fermentation. 


EXPERI- 
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| Che Art of the Rectifier, or ithe Method whereby 
the Proof-Goods of the Malt-Stiller are made into 
- @ cleaner Spirit, for the finer Ufes of the Com- 
pounder and Apothecary. 


19. To two Gallons of the common Proof- p,5i¢-4. 
Spirit of the Malt-Stiller, procured after the piss ofSpi- - 
Manner of our fecond Experiment, we added ris. 
three Ounces of the Black Flux, or a Mixture 
of Tartar and Nitre calcined to Blacknefs *; 
and drew over all that would run in an uninter- 
rupted Stream from the Nofe of the Worm, by 
Means of the Balneum Marie. ‘The Spirit which 
thus came over we made up Proof with fair 
Water. And the Spirit thus prepared is the com- 
mon faleable Proof Goods of the rectifying Diftil- .. 
ler, when he works to a Fruth. 

20. This is the Spirit we commonly meet yyj/. sy. 
_-with in Trade under the Name and Notion of riz. 
Malt-Spirit, which is thus fitted for making the 
common Cordial or compound Waters; being 
cleared confiderably of its foetid O1l and nau- 
feous Phlegm, by Rectification. If it be defired 
{till cleaner one of the beft Methods is, to dilute 
the ftrongeft Part that comes over firft, with a 
large Proportion of fair Water, draw off the 
Spirit gently again by the Balneum Marie, and 
then make it up proof with fine foft Water. 

21. But this Method will not yet give us the /conve- 
Spirit without fome naufeous and dilagreeable "’“% 
Flavour ; nor do. the Rectifiers appear acquaint- 
ed with any good Method for that Purpofe. 


—# See Le. UW, Exp, I, 
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They have been groping after it, but generally 
in the dark, for want of a proper Knowledge 
of the Facts and Experiments neceffary in the 
Enquiry. ‘Thus, for inftance, they feem little 
apprehenfive that it is the Oil of the Male, 
refiding in the Spirit, which occafions all their ~ 
trouble; or that it is the effential Oil of the 
Subject which gives to Malt-Spirits, Brandies, 
Rums, and Arracks their particular Flavours, 
For if the effential Oil could be totally feparated 
from Malt-Spirit, that Spirit might be rendered 
flavourleis and taftelefs; and then any other 
Flavour might, by Means of other effentia! Oils, 
be introduced into it; fo that it might be 
made to refemble either French Brandy, Rum, 
or Arrack. And inthe effecting of this, with 
Simplicity and Cheapnefs, the Perfection of the 
Art of Rectifying feems to confit, 


22. For this purpofe we would recommend _ 


the Way of Working from a Spirit largely dilu- 


ted with Water, into Water again; for thus the ~ 


effential Oil would be doubly feparated at one. 
Operation. But we have no great Hopes that 
any Direétion of this Kind can prove ferviceable 
to them, while they remain unacquainted with 
chemical Operations, and the beft Contrivances 
for Diftilling in the large Way with Elegance 
and Simplicity. 

23. The Chemifts, however, have helped 
them to a tolerable Expedient for covering the 
Imperfeétions of the Spirit which they cannot 
cleanfe; viz. by the Addition of what is called 
Spiritus Nitri dulcis; a {mall Proportion whereof 
will give an agreeable Vinofity to a Hogfhead 
of Spirit. Bnt this Expedient is attended with 
an Inconvenience ; for the Flavour is very apt 
to fly off, or be loft, when the Spirit is kept in 
a Cafk: But the Succefs proves different, when 
| the 
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the Spirit is kept and’ well ftopped down in a 
a4. The Artof the Reéfifier might be entirely Inprove- 
fet afide as ufelefs, if the original Mali-Stiller menis. 
could make his Spirit perfect at a fecond Opera- 
‘tion, as we judge he might. But here again the 
| Malt Stillers can fcarce be brought to foriake the 
beaten Track. If they are difpofed to improve 
their Art, we would recommend to them, jr, 
the Brewing in Perfection; and fecondly, the 
Keeping of their Wath, after the Manner of 
-ftale Beer, till it has entirely loft its Malt Fla- 
your, and acquired a pungent, acid, Vinofity ;, : 
and then, thirdly, leaving out the Lees, to diftil eae | 
with a well-regulated Fire. Thofe who have not : 
tried would fcarce conceive what an agreeable. | 
- Spirit may be thus procured from Malt, at the; | 
very firft Diftillation. The gainful Part of the | 
— Secret depends upon az artificial Method of making 
Malt Liquors expeditioufly fale, bright, ana flavour- 
— defs, but in other re(pecis vinous *. 


a9r 


Experiment IV. 


The Method of examining Proof in Spirits ; and de- 
tefting the Invalidity of the common Ways of judg- 
ing of the Purity, Genuinenefs, and Goodne/s of 
Brandies, Rums, and Arracks. | 
z5. We took a long Phial, half filled with Proof 

the common Proof-Spirit of the Malt-Sriller, (2*" 


iving | ae Spirits. 
and giving it a fmart Stroak with its Bottom i 


acainft the Palm of the Hand, there appeared 
~on the Surface of the Liquor a Chaplet, or 
Crown of Bubbles, which went off, or difap- 
_ peared, in a certain ftrong Manner; that is, it firft 


+) See Appendix to Led. XI. See alfo Le#. VU. 


remained 
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remained a while, and then went off by De- 

grees, without breaking into fmaller Bubbles, — 

or rifing into larger. And when the Bubbles go 
off in this Manner, the Spirit is faid to be proof 
or merchantable *. | 

26. And by this Kind of Proof all Diftillers, 

Brandy-Merchants, Brokers, and the Officers of 

the Cuftoms and Excife, judge of the Strength 

and Quality of Brandies and Spirits, in all the 

Brandy-Countries and Sea-Port Towns of Eu- 

rope : whence it is alfo conveyed to other Parts of 

the World. It may therefore appear {trange to 

oppofe the general Opinion and Praétice, in a 

particular where the Intereft of fo many trading 

People, watchful againft all Impofition, is con- 

cerned: And yet we undertake to fhew, that 

this Kind of Proof is a mere Fallacy and De- 
ception; for if but a little vinous or faccharine 

Matter, as ‘reacle, Syrup, Muft, the Rob of 

Fruits, ce. be added to a Quantity of highly 

rectified Spirit of Wine, this flight Addition will 

give a Brandy-Proof to that Spirit; which, 
therefore, by this Trial, may be made to pafs — 
for Brandy ; that is, for a Compofition of half 

Water and half Alcohol, whereas in Reality it 

is almoft totally Alcohol. 

Detection, 27. Che Fraud is eafily detected ; not in the 
common Way practifed upon the Keys, but by 
burning a little of the Spirit in a Spoon; for 
thus it will leave the faccharine Matter behind 
in a dry Form. 

Sophifiicae 28. Whether there be any Method com- 

tion. monly known in Europe, of making a fpirituous 


Evryoneous. 


Liguor that contains much lefs than a half 


of Alcohol, to pafs: current for Proof-Spirir, 
is not fo certain: But doubtlefs this might bé | 


* See Le@. VII. Exp, IV. § 36, 37. 
eafily 
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might be eafily effected; for we fee that Arrack 

is Proof, or affords a ftrong Crown of Bubbles, 

-upon fhaking, as well as Brandy; yet Arrack 
contains not ufually above half the Quantity of 

- Alcohol that Brandy does; and if but a Drop 

or two of its own or any other effential Oil be 
added to a Pint of Proof-Brandy, this is fufi- 

cient to deftroy its Proof, and make it appear 
-much weaker than it is. 

30. To prevent being impofed upon in this Difovery. 
Way, we might have Recourfe to the Effay- 
sdnftrument, or Hydroftatical Balance. A Gallon of 
Alcohol is computed to weigh feven Pounds and 
a half, and a Gallon of Water, eight Pounds ; 
whence the compound Gravity of an equal 
Mixture of the two may be affigned. But it is 
a more fure and ready Method, to burn a little 
meafured Quantity of the Brandy to be tried, 
in a cylindrical metalline Veffel, plunged in cold | 
Water to an equal Height with the Brandy, | 
and when it ceafes to burn, exactly meafuring | 
the Remainder, which is the Water: Where if , 
the Spirit has loft one half of its Meafure by | 
Burning, the Brandy may be allowed Proof; if | 
more or lefs, it muft be judged of accordingly *. | 

31, But befides the falfe Method of judging of Efay L;- | 
the Strength of Brandies by what is called Proof, gers. 
there is another no lefs fallacious one of jude- 
ing of their Genuinenefs ; tho’ kept a great Secret 
in few Hands, as a Thing fome Dealers imagine 
a certain Criterion for determining whether 
foreign Brandies are mixed with Corn Spirits. 

Thefe Dealers are provided with a certain yel- dss Uz. 
low Liquor, a few Drops whereof being poured 


* See a Paper by M. Geoffrey, to this Purpofe, in the tie 
French Memoirs. 
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Made 


Its Faliacy 33. One of the beft Methods to prevent being ¢ 


deltectid. 
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into a Glafs of right French Brandy, gives it 2 


beautiful blue Colour; by the Strength and — 
Brightnefs of which Colour they judge of the 
Genuinenefs, or unmixed State of the Commo- 
dity, and buy upon this Kind of Proof: Whence. 
they may come to be much ‘deceived ; for if an 
ordinary Malt Spirit was to be coloured with 
Oak, it would fuftain the prefent Method of 
Proof, and might therefore be purchafed by — 
thefe Dealers for French Brandy. 

32. [This Proof-Tincture, or Effay Liquor, 


may be expeditioufly prepared, by diffolving a. 


little green Vitriol (firft calcined to Rednefs) in” 
a weak Spirit of Sea-Salt; which thus becomes 
a yellow Liquor, a fingle Drop or two whereof — 
being added to a Glafs of any inflammable Spi- 
rit coloured yellow or brown with Oak, will 
inftantly turn it of a beautiful bright Blue: 
Whence it is evident that this Kind of Trial is, 
no more than a Fallacy, and only fhews when. 
Brandies are tinged with Oak, as they conftant- 
ly are by. lying long in the Cafk. And that ‘it; 
is the Oak which thus caufes #rench Brandies to: 
turn blue with the Ejay Liquor, appears again i 
from hence; That if the belt and oldeft French? 
Brandy be re diftilled, and thus made colourlefs, / 
it will not turn blue-with the Effay Liquor ; be-™ 
caufe all the Tincture of the Oak, or tinging; 
Matter of the Cafk, is left behind in the Still. — 
impofed upon by the Mixing of Malt-Spirit: 
with a finer, is to acquire a Habit of judging; 
by the Tafte and Smell; for Malt-Spirit is ufue- 
ally fo ill rectified, by the Addition of fixed 
alkaline Salts, or certain flavouring Ingredients, , 
that it may eafily be perceived, by the Nofe: 
or Palate ; efpecially if the Brandy propofed fort 
Examination be largely diluted with Water, to? 
prevent f 
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ptevent its over-heating the Mouth; or elfe be 
burnt in a Spoon, fo as to leave the Phlegm to 
be tafted and fmelt by itfelf: For this Phlegm, 
if the Brandy were debafed by a Corn Spirit, 
will tafte and fmell exceedingly naufeous, very 
different from the Phlegm of pure /vench Brandy. 


( 


EXPERIMENT V. 


The beft Method of making Cordial or ‘Compound 
Waters. 


54. We infufed a Pound of frefh Citron-Peel Citroz 
‘in two Gallons of good Melafles Spirit, and “e¢erpre- 
committing the whole to the Still, drew off the?7e4. 
Spirit gently, with Care to avoid the Paints ; 
then making up, as they call it, with foft Wa- 
ter, fo as to leave the Liquor Proof, we added 
half a Pound of fine Sugar, and thus procured 
a genuine Citron Water. | 
. This Experiment is general, and fhews 74. Expe- 
the ufual Methods of making all the Compound riment ex- 
or Cordial Waters, by thofe Diftillers who are 4744. 
called Compounders, and alfo by Apothecaries ; 
tho’ Apothecaries feldom make diftilled Waters 
fo good as the Compounders. ~ 
36. The Perfection of this Branch of Diltilla- C,ppound 
tion depends upon the Obfervance of a few Difila- 
Rules, which might be eafily complied with : tn im- 
And thefe Rules we fhall here lay down, as judg- Di 
ing them of Confequence to the Improvement 
not only of the Art of the Compounder, but al- 
fo of a Branch of Pharmacy and Medicine. 
a4. The firft Rule is, To ufe a well-cleanfed Rules. 
Spirit, that is freed from its own effential Oil. For 
as the Defign of compound Dittillation 1s to 
impregnate the Spirit employed with the ste om 
Oi 
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Oil of the Ingredients, it ought firft to have de- 


pofited its own. . 

38. The fecond Rule is, Zo fut the Time of 
previous Digeltion to the Tenacity of the Ingredients, 
or the Ponderofity of ther Oil. Thus Rhodium- 


~ Wood and Cinnamon require tobe longer di- 


gefted before they are diftilled than Calamus 
Aromaticus, or Lemon Peel. Sometimes alfo 
Cobobation (that is, the pouring of the Spirit once 
drawn off, back upon the fame Ingredients) 
proves neceffary; as particularly in making the 


{trong Cinnamon Water, where the effential 


Oil is extremely ponderous, and hardly rifes 
along with the Spirit, without one Cohobation 
more. 

39. The third Rule is, Zo /uit the Fire or 
Strength of the Diflillation to the Ponderofity of the 
Oil intended to be raifed with the Spirit. Thus 
{trong Cinnamon Water fhould be diftilled off 
brifker than the Spirit of Mint or Baulm. 

40. The fourth Rule is, That a due Propor- 
tion of only the finer effential Oil of the Ingredients be 
thoroughly united or incorporated with the Spirit, fo 
as to keep out the groffer and lefs fragrant Oil. And 
this may be chiefly effected by leaving out the 
Faints, and making up to {trong Proof with fine 
foft Water in their Stead. And upon the Ob- 
fervance of thefe four eafy Rules the Perfection 
of the Art of compound Diftillation feems to 
depend. , 

4t. The Addition of fine Sugar to Cordial 
Waters is a Thing of lefs Moment, and may be 
ufed or omitted occafionally. And if thefe Di- 
rections be obferved, there will be no need of 
fining down Cordial Waters with Allum, Whites 
of Eggs, Jfing-Glafs, or the like ; for they will 
be prefently bright, {weet, and pleafantly tafted, 
without any farther Trouble. } 

42. And 
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42. And thus we hope to have fhewn the Way 
Of perfecting the Art of compound Dittillation, 
even by the common Alembic, or hot Still, with- 
out the Ufe of the  Balneum Marie; for which 
there is here no Occafion, if the Artift be but 
expert in working by the Alembic. 


AXIOMS and CANONS. 


_ 4. We learn from our prefent Enquiry, that 
inflammable Spirits are the Creatures of vinous 
Fermentation ; or that they are actually produc~ 
ed, tho’ not feparated, in that Operation a). 

_ 2. That the Action of Fermentation produces 
fuch a Change in the Wath, as to render it -fe- 
parable by the Fire into feveral Portions of Mat- 
ter, befides the inflammable Spirit, {pecifically 
different from what the Liquor would have af- 
forded by the fame Treatment before Fermen- 
tation ), 

3. That at different Times of Diftillation there 
‘ome over Liquors of different Properties ; and 
irft of all, an extremely acrid, aromatic, and 
iting one; which goes off by Degrees, and ends 
n Acidity c). . 

4. That the Art of Malt-Stilling may be con- 
iderably improved; (1.) by reducing the brew- 
ng and fermenting Parts to one Operation ; 
2.) by diftilling ow; and (3.) by keeping back 
ne grofs Oil of the Subject. | 

5. That this Art may be farther, improved, 
y fermenting a clear, well-brewed Wort, and 
eeping it to be ftale, or till it has loft all Fla- 


a) See Exp. L 
6) See Lect. VII. Exp IV. See alfo Appendix to Lee: XI, 
é) See Exp. 1. and Appendix to Lec XI, 
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your of the Malt; as it will naturally do by long — 
lying, or in a very fhort Time by the Help of a 
certain artificial Treatment a). 

6. That the Perfection of the Art of Ma/lt- Stil- 
ling requires the Affiftance of a new Art, to pro- 
duce a Kind of Treacle from Malt, or the Re- 
duétion of the Art of the Malz-Stiller to the fame 
Simplicity as that of the Fine Stiller a). ) 

7. That the effential Oil of the vegetable Sub- 


ject is the Thing which gives to all Spirits their 


particular Odours and Flavours 2). 

8. That the fineft, moft fubtil and efficacious 
Part of this effential Oil always rifes firft in Di- 
ftillation 4). 

9. That the Purity and Perfection of Spirits, 
confidered merely as Spirits, greatly depend upon 
their being cleanfed firft of the effential Oil, 
efpecially its groffer Part, and next of the 
Phlegm c). | 

20. That Brandies are a Mixture of one half 
Water, and the other half Alcohol; that the 
Meafure of the Strength of Brandies is the Quan- 
tity of Alcohol they contain; and therefore that 
their Water may be commodioufly left behind 
upon E.xportation or Carriage d). 

ir. That as Brandies hold fome {mall Propor- — 
tion of effential Oil, they are in Strictnefs di- | 
lute Quinteffences c)s whence their Properties 
and Effects may be eafily explained, in a chemi- — 
cal Manner. 


a) See Exp. I. and III. 

b) See Exp. I. Ill, V. 

2) SeeBapel) I, LAY, 
4) See Exp I, Ul, Ut, IV. 


12. That: 
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12. That the PerfeCtion of Rectifying Spi- 
rits depends upon finding out a fimple Method 
of feparating all the Oil and Water from a 
Spirit a). 

13. That the great Affinity betwixt the eflen- 
tial Oil and Spirit is the phyfical Caufe of the 
Difficulty found in the Rectification of Bran- 
dies 0). 

14, That the Perfe€tion of the Art of Malt- 
Stilling, whereby a pure Spitic might be procured 
at the firft Operation, would fuperfede the Art 
of Rectifying 2). 

1s, That the Bubble Brandy-Proof may be 
artificially given to high rectified Spirit of Wines 
and eafily deftroyed in Proof-Spirit, without 
weakening the Spirit ¢). 

16. That the common Methods of trying and 
examining Brandies by the Bubble-Proof, and by 
their turning blue with a vitriolic Solution, are 
abfolutely fallacious, and not to be trufted for 
the Purpofes intended d), 

17, That phyfical Proof in Brandies is the Pro- 
perty they have, upon fhaking, to generate a 
Crown of moderately large Bubbles on their 
Surface, by Means of a certain Tenacity, arifing 


from a ftated Proportion of effential Oil diffol- 
ved in among them; which Tenacity may alfo — 


be given by other Bodies 4d). 

18. That a fure Method of determining the 
Strength of Brandies is by Deflagration, or 
burning away their Alcohol; then examining the 
remaining Phlegm by Weight or Meafure, and 


a) See Exp. II. 
b) Exp. I, I; U1. V: 
c) Exp. ITI, Ev. 


dy Exp lV. 
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comparing it with the Weight or Meafure of 
pe Alcohol a). 

. Lhat erroneous Notions, or inaccurate 
a falfe Methods of Trial, may prevail, and 
become almoft univerfal in Trade; fo that even 
the prudent Merchant fhall buy and fell upon 
weak Trials, whilft the Detection, Reétification, 
or Adjuftment thereof, belongs to fome other 
Branch of Knowledge z). 

20. That the Way of perfecting the Art of 
compound Diftillation is, (1) To procure a | 
well-cleanfed Spirit; (2) To ufe proper Dige- 
ftion; (3) To diftil brifk, or flow, as the Sub- 
ject requires ; and (4) To keep back the Faints, 
and the grofs Part of the effential Oil of the In- 
gredients 4). 


a) Exp. IV, 
b) Exp. Vi 


/ 
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LECTURE XIill. 


CONTAINING 


The Ways of procuring Vegetable Oils and 
Salts ; with their Ufes in feveral Arts and 
Trades. 


\ 


I. 


ri E now proceed to illuftrate and im- The Sub-_ 
‘prove the common Methods of pro-se#. 
curing and employing vegetable O//s and Salts ; 
on which the Exercife of various Arts and Trades 
depends. 

2. The Parts af Vegetables that chiefly abound 7%. off 
with Oil are, the Seed, the Leaves, the Fruit, Parts of 
and the Bark, Thus the Seeds of Muftard, and Sates pny 
of the Sun-Flower, Almonds, Nuts, Beech- ’ 
Maft, &c. afford a copious Oil by Expreffion ; 
and the Leaves of Rofemary, Mint, Rue, 
Wormwood, Thyme, Sage, &c. the Berries of. 
Juniper, Olives, Indian Cloves, Nutmeg, Mace, 
(c. the Bark of Cinnamon, Saffafras, &c. yield 
a confiderable Proportion of effential Oil by 
Diftillation *. 

3. And much in the fame Manner is Oil or 
Fat contained in the Parts of Animals; being 
either interfperfed among the mufcular Flefh, 
collected into particular Bags or Cells, or lodged 
in the Cavities of the Bones, €@c. 


* See below, Exp. I. 


33 4. Our, 


262 


The Defign 


of the Ex- 
periments, 


Expreffed 
O:l of Al- 
yionds. 


The Expe- 
Yimeut Exe 
fended, 


LECTURE THE THIRTEENTH. 


4. Our jirfi Experiment will fhew the Me- 
thod of procuring Oils by Expreffion, from 
Nuts, Seeds, Maft, Olives, &c. The fecond Expe- 
riment will exhibit the Method of procuring thofe 
called the Effential Oils of Vegetables. The 
third Experiment will fhew the Method of rec- 
tifying thofe called the Empyreumatic Oils. 
Our fourth Experiment will fhew the Method 


of refining Sugar. - The fifth Experiment will 


fhew the Way of refining Yartar : Our /ixth 
the Manner of refining Nitre, or Salt-Petre ; 
and our /eventh will fhew the Method of mak- 
ing Pot-Afh. — 


ExPERIMENT I. 


The Method of procuring Oil by Expreffion, from 
| Nuts, Seeds, Maft, &c. 


5. We took two Pounds of Sweet Almonds, 
blanched, and beat them {mall inaStone Mortar ; 
then wrapping the Mafs up in a Piece of ftrong 
and thick Canvas, we committed it to a ftrong 
Screw-Prefs; where being fqueezed betwixt two 
cold Iron Cheeks, it gradually parted with a 
confiderable Quantity of Oil. 


6. This Experiment holds of all thofe vege- 
table Matters that contain a copious Oil, in a 


loofe Manner, or in certain Cavities or Recep- | 


tacles ; the Sides whereof being burft by 
fqueezing, makes them let go the Oil they con- 
tain. And thus the Zeft, or Oil of Lemon- 
Peel, Orange-Peel, Citron-Peel, @%c. may be 
readily obtained by Preffure, without the Ule 
of Fire; for the Rinds of thofe Fruits being pref- 
fed green, the oily Parts will feparate from the 

aqueous, 
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aqueous, and may be rendered pure by wathing 
them in fair Water *. 

7. How far this Method of obtaining Oils may 
be applied to Advantage, feems not hitherto 
confidered. It has been commonly applied to 
Olives, Almonds, Lint-feed, Rape-feed, Beech- 
Maft, Ben-Nuts, Wallnuts, Bay-Berries, Mace, 
Nutmeg, &c. but not that we know of to Ju- 
niper-Berries, Cachou-Nuts, Indian Cloves, Pine- 
Apples, or Fir-Nuts, and many other Subjects 
that might be enumerated, both of foreign and 
domeftic Growth. . It has however been of late 
applied to Muftard-feed, with good Succefs ; fo 
as to extract a curious yellow, or golden-colour- 
ed Oil from that Seed, and at the fame Time 
leave a Cake behind fit for making the com- 
mon Table Mutftard. 

8. Certain dry Matters may, as well as moift 
ones, be made to afford Oils by Expreffion ; for 
when they are not fo moift as Almonds, or fit 
to be reduced to a Pulp in a Stone Mortar, they 
may be ground into a Meal, which, being fu- 
fpended to receive the Vapour of boiling Wa- 
ter, will thus be moiftened fo as to afford an Oil, 
in the fame Manner as Almonds; efpecially if 
the Iron Cheeks employed be firft heated, by 
lying in boiling Water. And thus an Oil may 
be procured from Lint-feed, Hemp-feed, Let- 
cuce-feed, White Poppy-feed, &c. | 
g. The Oils obtained by this Treatment, Rege/ated. 
fhould be fuffered to depurate themfelves by 
{tanding in a moderately cool Place, to fepa- 
rate from their Water, and depofite their Faces ; 
from both which they ought to be carefully 
freed. And if in this Manner they are not 


_ * See below, $9. 


'S 4 rendered, 


264 


Applied to 
other Sub- 
jects. 


LECTURE THR THIRTEENTH. 


rendered. fufficiently pure, they may be well 
wafhed and beat with frefh Water, and then 
thoroughly feparated from it again, by the Sepa- 
rating-Glats ; by which Means they will be ren- 
dered bright and clean. 


10, Particular Care muft be taken to keep 
fuch of thefe Oils cool as are defigned for eat- 
ing, or for any internal Ufe; becaufe they are 
apt in a few Days Time to turn rancid and cor- 
rofive with the Summer’s Heat, fo as to prove 
very unwholefome. ‘Hence the Phyfician and 
Apothecary fhould be cautious that the Oils gi- 


‘ven in Pleurifies, and other Diftempers, be freth ° 


drawn from found Subjects, no way tainted, or 
already turned rancid, as Almonds, Piftachios, 
and other Nuts, are apt to be: And again, that 
thefe Oils have felt no confiderable Heat, either 
in the Drawing, or by ftanding lone in a 
warm Place. And the fame Caution fhould 
likewife extend to animal Oils and Fats, intend- 
ed either for internal or external Ufe; fince 
thefe alfo become rancid, or change to a yel- 
low, red, or grey Colour in hot Weather, and 
‘thus become exceedinely naufeous and corrofive; 
as we fee in Butter, Bacon, and other fat Bo- 
dies, ‘which then prove fit only for the Tallow- 
Chandler, or other ignoble Ules. 


rr. Our prefent Experiment is likewife ap- 
plicable ito the precuring of Oils or Fats from 
certain animal Subjects; for the Membranes, 
the fkinny, and ftringy Parts of animal Bodies, 
which contain much Fat, being chopped f{mall, 


and fet ina Pan over'the Fire, become fit forthe - 


Canvas-Bag, and by Preflure afford a large 
Quantity thereof; as we fee in the Art of 
Chandlery, which thus extracts the oily Matter, 

| leaving 


4 
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leaving behind. a hard Cake, or what they com- 


_monly call Graves. 


12. Thefe Graves, and all the Refiduums of 
the prefent Procefs, after being fqueezed ever 
fo hard with the Prefs, will ftill afford a copious 
Oil by boiling in Water; fo that it might per- 
haps be more profitable for the Tallow Chandler 
to boil his Graves for Oil, as Bones are ufually 
boiled for it, than to difpofe of them in the or- 
dinary Manner. And it is furprizing to obferve, 
what a large Proportion of Oil thefe dry, and 
to appearance almoft exhaufted Bodies, will 


‘yield, by repeated boiling in Water, but parti- 


7 


cularly by being committed to the Digefor *, 


13. So likewife if the Almonds remaining in Farther 
the Canvas, after the Expreffion of their Oil, be Wé:. 


ground in a Mortar with warm Water, the Wa- 
ter will thus extract their remaining Oil, and 
turn therewith into a milky Liquor, or Emudfon. 
And if this Operation had been performed upon 
the Almonds at firft; before we committed them 
to the Prefs, we might thus have got out all their 
Oil, and left only a dry, chaffy, or light, hufky, 
and exhauited Matter behind. Whence we have 
a Method of diffolving Oilsin Water, and there- 
by of making a Kind of artificial Milk ; which, 
by ftanding, will afford a Cream, and turn four, 
like the Milk of Animals, but not grow rancid 
with Heat, like Oil. Whence fuch Emulfons' 
may, in fome Cafes, be medicinally ufed with 
greater Safety and Succels than expreffed Oils. 


14. Any of thefe expreffed Oils will receive Ost co- 
particular Colours, and Odours at the Difcre- ““”* 


tion of the Artift. For Example: If a little 
* See Le#. VI. Exp. VU. 


Alkanet- 
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Alkanet-Root be barely infufed in Oil-Olive, it 
gives a beautiful red Colour to that Oil, with- 
out altering its Tafte. Soagain; if a few Drops 
of the effential Oil of Cinnamon be added to a 
Pint of Sallad Oil, fuch Sallad Oil may be ren- 
dered thereby agreeable to thofe who admire 
the Flavour of Cinnamon. And thus may Oil, 
Butter, €¥c. be diverfified infinite Ways, by a 
proper Ufe of tinging Ingredients, and fuitable 
chemical Oils. 

Effences, 15. The fame Contrivance has likewife its 
Ufes in making Effences for the Service of the 
Perfumer ; not only where effential Oils are pro- 
curable, but alfo where thefe either cannot well 
be obtained, or but in fmall Quantity. The ef- 
fential Oil of Jafmin Flowers, Honey-Suckles, 
Sweet Briar, Damafk Rofes, Lilies of the Val- 
ley, &Sc. are either extremely dear, or fcarcely 
obtainable by Diftillation ; and in fome of them 
the odorous Matter is fo fubtil as to be almoft 
loft in the Operation. But if Jafmin Flowers, 
Damafk Rofes, Lilies of the Valley, €c. be | 
barely infufed in fine Oil of Nuts, or Oil of Ben, 
drawn without Heat, and kept in a cool Place, 
the fubtil odorous Matter of the Flowers will 
tltus pafs into the Oil, and richly impregnate it 
with their native odoriferous Spirit; which can | 
{carce otherwife be procured, or feparated from | 
the Flowers, without Lofs, or Debafement. 
And thefe Effences may be rendered perfect by 
{training off the Oil at firft put on, letting 
it ftand again, without Heat, upon frefh 
Flowers, and repeating the Operation twice or 
thrice. : 

What they 16. If we confider the Thing attentively, we | 

ere. fhall find that the Effences thus obtained area 
Kind of effential Oils, not greatly differing from 
thofe prepared by Diftillation from the Flowers, 

Seeds, 
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Seeds, or Barks of odoriferous Vegetables ; for 
all fuch effential Oils are found to be little more 
than the native odorous Spirits of the vege- 
table Subject, wrapped up, lodged, or entan- 
gled in an unctuous or direct oily Subftance. 
This oily Subftance indeed -rifes, or becomes 
volatile, by the Heat of boiling Water; but 
fo do not the Oils gained by Expreffion * : 
Whence the principal Difference betwixt thofe 
natural, and artificial efential Oils, as we may 
call them, feems to confift in the different Te- 
nacity, Volatility, or Fixednefs of their unctu- 
ous or direct oily Parts, the ative Spirit ap- 
pearing the fame in both; tho’ indeed it is 
more delicate and unimpaired in the artificial 
Kind of effential Oils, as not having felt the 
Force of Fire. And hence perhaps fome con- 
fiderable Improvements might be made in the | 
Art of the Oilman, Perfumer, and Apothecary ; 
not to mention other ceconomical Ufes, and the 
Art of the Dairy. ie 


EXPERIMENT LI. 


The Method of procuring the effential Oils of Vege- 
tables by Diftillation with Water. 


17. We took eight Pounds of Juniper Ber- £/eatial 
ries, and bruifing them in a Stone Mortar, Qo 7# 
dire&tly put them into a Still, together with four pied 
Gallons of River-Water ; then working with a 
_ brifk Fire, we drew off a Gallon of Water, and 
obtained along with it a confiderable Propor- 


tion of a fragrant effential Oil, which we 


- ® See Exp. II. hereafter. 
fepa- 


= 
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feparated from the Water by a Separating- 
Glais. 


The Expe- 18, This Experiment is eafily rendered ge- 


vriment ex- 


tended,  netal, or made applicable to the Diftilling of 


the effential Oils from Flowers, Leaves, Barks, 
Roots, Woods, Gums, and Balfams, with a 
flight Alteration of Circumftances ; as by longer 


Digeftion, brifker Diftillation, €&c. according to: 


the Tenacity and Hardnefs of the Subject, the 
Ponderofity.of its Oil, &e. a). | 
Ufes. 1g. If the Liquor that remains in the Stili, 
after the prefent Operation, be ftrained, and 
evaporated to the Confiftence of Honey, it 
makes the Kod of Furper-Berries, which may per- 
haps defray the Charge of the Operation, it being 
efteemed a valuable Medicine, and ufed as a 
Strengthener of the Stomach and Inteftines, as 
a Prefervative from the Stone and Dropfy, and 
as a Cure for the Diferders of the urinary Paf- 
{ages. | 
Effential 20. Effential Oils may be divided into two 
te “S” Claffes, according to their different {pecific 
Gravities ; fome floating upon Water, and 
‘others readily finking to the Bottom thereof. 
Thus the efiential Oils of Cloves, Cinnamon, 
and Saffafras readily fink; but the Oils of La- 
vender, Marjoram, Mint, €@c. fwim in Water. 
The lighteft of thefe effential Oils is, perhap:, 
the Oil of Citron- Peel, which floats evenon Spirit 
of Wine; and the heavieft feems to be the Oil of 
Saffafras : But the fpecific Gravities of the in- 
termediate effential Oils are not hitherto -ad- 
jufted and tabled, as for the Service of Chemiftry 
they ought to be: A). 


a) See Le&. XII. Exp. V. 
_ 6) See below, §. 29. 


21. For 
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21. For obtaining the full Quantity of the How ob- 
more ponderous Oils from Cinnamon, Cloves, ’4ed 70 
Saffafras, €c. it is proper (1) to reduce the oe 
Subjects to fine Powder; (2) to digeft this ~~ 
Powder for fome Days in a warm Place, with 
thrice its Quantity of foft River Water, made 
very faline by the Addition of Sea-Salt, or fharp 
with Oil of Vitriol; (3) to ufe the ftrained 
Decoétion, or Liquor left behind in the Still, 
inftead of common Water, for a frefh Dige- 
ftion; (4) to ufe for the fame Purpofe the Wa- 
ter of the fecond Running, after being cleared 
of its Oil; (5) not to diftil too Jarge a Quan- 
tity of thefe Subjeéts at once; (6) to leave a 
confiderable Part of the Still, or about one 
fourth, empty; (7) to ufe a brifk Fire, or a 
ftrong boiling Heat, at the firft, but to flacken 
it a little afterwards; (8) to have a low Still- 
Head, with a proper- internal Ledge and Cur- 
rent leading to the Nofe of the Worm; and 
(9) to cohobate the Water, or pour back the 
Liquor of the fecond Running upon the Matter 
in the Still, repeating this once or twice. 

22. Thefe Cautions are all neceflary, in or- Reafons of 
der to diftil the ponderous effential Oils to Pro- the Cax- 
fit and Perfection. The phyfical Reafons where- 
on they depend may deferve to be confidered. 

(1) The Reduétion of the Subject to Powder, 
expofes all its Parts the better to the Action of 
the Water and Salt; whereby the Oil is the 
more mollified, attenuated, and rendered fitter 
to rife along with the aqueous Vapour in Dittil- 
lation. (2) The Digeftion is requifite, for the 
fame Reafon; as being no more than allowing 
Time for this Action to be performed, in a mo- 
derate Warmth. The Water fhould rather be 
the foft Water of Rivers, than that of Rain, 
which is more corruptive or fermentative; or 
, than 
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than that of Springs, which is often hard, fo ag 
not to mollify the Oil, but rather defend it from 
the Action of the Salt, or Acid; which are 
added not only to prevent all Tendency to Fer- 
mentation or Corruption, that would abfolutely 
change or deftroy the Oil, but more particu- 
larly, as having a known Property of attenua- 
ting, liquifying, diffolving, and purifying grofs,.- 
vifcous, and tenacious Oils. Befides which, 
it likewife increafes the fpecific Gravity of the 
Water ; whereby the Subject is now buoyed up, 
~fo that it cannot readily touch the Bottom of 
the Still, or come in the way of the Fire to 
be fcorched. At the fame Time this Addition 
alfo increafes the Heat of the Liquor, or makes 
it exceed that of mere boiling Water ; whence 
the Afcent of the Oil is likewife promoted. 
(3) The ftrained Decoction is properly ufed in- 
{tead of Water, as being already faturated with 
oily Particles, fo that it cannot much rob the Sub- 
ject. And (4) the fame holds alfo of the Water 
of the fecond Running, which neceffarily con- 
tains fome oily Particles. (5) If too large a 
Quantity of the Subjeét be diftilled at once, 
the Heat will neceflarily act unequally, or be 
{trong upon fome Parts, and weak upon others; 
whence, as the Oil is fo extremely ponderous, 
a large Part of it will be left behind in the Sub- 
ject. (6) If too much empty Space be left in 
the Still, it will be difficult for the ponderous 
Oil to afcend; and if too intenfe a Heat be 
ufed, it deftroys the grateful Odour of the © 
Oil, without raifing any confiderable Quantity ; 
and if the Still be filled too full, the Matter 
will be apt to boil over, and foul the Oil. 
(7). Lhe Fire is ordered to be brifk at firft, to 
prevent the Oil, now in fome Meafure feparated 
by the Heat, from going back into the Subject: 
But 
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But after a Part is thus come over, if the Fire be 
not a little flackened, the Oil is apt to {corch, 
and come out at the Nofe of the Worm in the 
Form of a Smoke, that cannot be catched and 
- condenfed ; yet the whole Operation need not 
be continued long, or above two Hours, becaufe 
the valuable Part of the Oil foon comes over. 
(8.) If the Head of the Still be not low, the pon- 
derous Oil will have too far to rife; and unlefs 
the Oil be directed to the Worm by a proper 
Ledge and,Current, a confiderable Part will fall 
back into the Still, and fo prolong the Opera- 
tion, or leffen the Yield. (9.) Laftly, two or 
three Cohobations, or Returns of the Water upon 
the Subject in the Still, muft needs bring over 
all the Oil that will any way rife. And Water 
already fomewhat impregnated with the Oil, is 
manifeftly better for the Purpofe than fuch as 
has never been ufed before. 

23. The Directions here laid down, for ob- 
taining the ponderous effential Oils to Advan- 
tage, are eafily transferred to the obtaining of 
the lighter: So that we need not dwell particu- 
larly upon them. os 

24. Many of thefe effential Oils being coftly Epzntiat 
things, it is common to adulterate or debafe Oils adu/- 
them feveral Ways, fo as to render them cheaper *” ated. 
both to the Seller and Buyer. Thele feveral 
Ways feem reducible to three general Kinds, each 
whereof has its Method of Detection; for as in 
Logic every Sophifm has its Redargution, fo in 
Chemifiry every Fallacy may be difcovered. 

25. Effential Oils are adulterated, (1.) with 
expreffed Oils, (2.) with Alcohol, and (3.) with 
cheaper effential Oils. 

26. (1.) If any effential Oil be adulterated The Fraud 
with an exprefled Oil, this is eafily difcovered, saga 
by adding alittle Alcohol toa few Drops of the“ 
| {ufpected 
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fufpected effential Oil, and fhaking them toge- 
ther: For the Alcohol will thus diifolve all the 
Oil that is truly efiential, of gained by Diftilla- 
tion, but leave the exprefied Oil untouched; where- 
by the Compound of the two will be feparated, 
fo as that their Quantities may be judged of, or 
the Proportion of the Debafement found: And 
then by adding Water to the Alcohol, which had 
taken up the effential Oil, the Water will unite 
with the Alcohol, and leave the effential Oil fe- 
parable in its own Form. 

27. (2.) If an effential Oil be adulterated 
with Alcohol, as it may be in any Proportion 
up to that of an equal Quantity, without being 
eafily difcoverable either by the Smell or Tatte : 
the Way of Detection is, to let a few Drops of 
the fufpected Oil fall into a Glafs of fair Water ; 
for if Alcohol be mixed with the Oil, the Water 
will immediately turn milky, which it would 
not do if the Oil were pure. And by continu- 
ing to fhake the Glafs, the whole Quantity of 
Alcohol employed in the Adulteration will 
unite with the Water, and leave the Oil un- 
diffolved behind. 

28. (3.) The third Method above mentioned, 
of adulterating the richer chemical Oils, is by 
mixing them with the cheaper effential Kinds ; 
fuch in particular as the Oil of Pine-Wood, Oil 
of Turpentine, &c. And this is frequently 


' practiled, by putting Fir-Wood, Turpentine, or 


Oil of Turpentine, into the Still, alone with 
the Herbs, {uppofe Rofemary, Lavender, Ofi- 
ganum, Gc. in the fame Manner as Diftillers 
add common Malt Spirit in the Diftilling of Wine 
Lees. And by this Means the Yield of an Oil 
may be confiderably increafed. But the Oils 
thus adulterated will difeover themfelves in 


Time, by the want of their natural Flavour, 
which 


Of Oils and Salts. | 
which is overpowered by that of the Turpen- 
tine, €%c. But the quicker Detection is, to 
drench a Piece of Paper, or a Linen Rag, in 
the fufpected Oil, and hold the Paper or Rag 
before a gentle Fire; for thus the grateful Odour 
of the Plant will foon fly off, and leave only the 
Smell of the Turpentine, ec. . 

29. But if this Way of adulterating effential 


Oils be practifed in Perfeétion, it feems fcarce | 


difcoverable, unlefs the Zable of the /pecific Gra~ 
vities of effential Oils, above recommended *, 
were ready at Hand. For it is known to fome 
few that Balfam Capivi yields a large Propor- 
tion of effential Oil by Diftillation with Water, 
even te the quantity of five or fix Ounces from 
a Pound; and that this Oil is much fweeter 
than any of thofe before faid to be ufed for 
Adulteration: Whence it is eafy. by diftilling 
any of the aromatic Vegetables along with this 
Balfam, or by mixing their Oils with the Oil 
of Balfam Capivi, to debafe them largely, with- 
out being greatly fubject to Difcovery, except 
by the more philofophical Chemifts, who under- 
ftand the ufes of the Hydroftatical Balance. But 
it fhould be obferved whether, by long keep- 
ing, the chemical Oils thus adulterated with the 
Oil of Baljam Capivi, will not difcharge the 
Ink of the written Label, faftened to the con- 
taining Glafs, as effential Oils adulterated with 
Oil of Turpentine, or other terebinthinaceous 
Oils, are found to do, on account of the acid 
Vapour that continually exhales from fuch adul- 
terated Oils, 

30. The Methods already laid down for de- 
tecting the Sophiftications commonly practifed 
in effential Oils, are general; befides which 


® See §. 20, 
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fome Oils require peculiar Methods. Thus the 
effential Oil of Camomile Flowers may be cer- 
tainly known to be adulterated with Copper and 
Oil of Turpentine, €2¢. if it retains its original blue 
Colour above a Year. The effential Oil of Rue, 
if genuine, remains fluid in the Cold, and if a- 
dulterated, congeals. And every Fat of this 
Kind, of which there are many already knewn, 
fhould be duly colleted : For it is certainly of 
great Importance to @Mredicine, that the genuine 
effential Oils of Vegetables fhould be well di- 
ftinguifhed from the adulterated, becaufe capable 
of producing extremely different Effects in the 
Body ; a Confequetice little regarded by the frau- 
dulent Adulterator. 


ExperimenT Il. 
A Method of reétifying Empyreumatic Oils. 


31. It was obfervable in our dry Diftillations 
of Wood a), Wormwood 4), and Bone c), &c. 
that there always came over a grofs, fetid, empy- 
reumatic Oil, of a naufeous Smell, difagreeable 
Colour, and abominable Tafte. To rectify this 
Oil, we took two Pounds thereof, and wafhed 
it well by the repeated Affufion of ‘hot Water, 
and ftirring them well together, till at length 
the Water came away confiderably pure; where- 
by the Oil was rendered lefs naufeous both to the 
Smell and Tafte: Then ‘fetting it in an open Veffel 
over the Fire, that it might difcharge the Water 
lodged therein by the Wafhing, we afterwards 
put it into a Glafs Retort, and drew it over in 
a Sand Heat; whereby it left behind a black, 

a) See Le#. HW. Exp, II. 

b) See Le&. VIII. Exp. IL. 

¢) See Led. VILL. Exp. I. 
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feculent, or burnt crufty Matter, and became 
more fluid, fweet, and mild. . 


32. If the Diftillation be repeated ten or The Expe- 
twelve times, either in a frefh Retort every "car 
. Pcs ‘ ; ried far- 
time, or in the fame, the Oil being conftantly ,,,.° 
returned upon its own Feces, or Caput mortuum ; 
thefe Feces will every time increafe in Quantity, 
fo as to leave the Oil purer and thinner, till at 
length it becomes almoft as thin and fluid as Oil 
of Turpentine, or Spirit of Wine ; being extreme- 
ly volatile, tranfparent, and penetrating, but 
ftill of a hot, pungent Tafte, and a fomewhat 
faint and‘difagreeable Odour. 

33. This Oil, obtained from an animal Sub. Ués: 

ject, particularly from Blood, has been lately . 
ufed in England, asa Remedy for the Epilepfy, 
Gout, and other obftinate Difeafes, under the 
Name of Oleum animale. It was many Years 
fince ufed for the fame Purpofes in Germany *. Yet 
doubilets it fhould not be given-too freely as an 
Internal: But, as an external Medicine, it may 
be of Service in refolving hard Tumours, re- 
moving fixed Pains, &c. for it is extremely pe- 
Netrating and difcutient. And on this Account 
it might, perhaps, be ufed to Advantage in 
feveral Arts that require ahighly fubtilized Oil. 


34. But it being chargeable to bring the grofs 
empyreumatic Oils to this Degree of Purity and 
Subtilty, many chemical Operators continue to 
throw them away as ufelefs; and the rather, 
becaufe of that intolerably naufeous Smell and 
Tafte with which they affect all Things that they 
touch, or come in the Way of. But as large 
Quantities of thefe Oils are neceflarily obtained 
in the Diftillation of Harts-Horn, Blood, €3c, 


-*® See Hoffman. Obferwat. Phyfico. Chya. p, 58. 59. 
» ae" it 
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it may be worth trying, whether they cannot be 
purified in a cheaper Manner than that above 


‘defcribed: For Example; By drawing them over 


from Pot-Afh; or, what is {till more profitable, 
by digefting them therewith, fo as at length to 
turn the Mixture, by Sublimation, into a vola- 
tile, alkaline Salt, as good as that of Harts-Horn, 
Blood, putrefied Urine, Ge. 


And thus much for the Subject of vegetable 
Oils. We next proceed to vegetable Salts, 


II. 


EXPERIMENT IV. 


The Method of refining Sugar , or bringing the fweet 
Fuice of the Sugar-Cane into a white, dry, and 
folid Subjiance. 


35. We took fix Pounds of coarfe or black 
Sugar, as it comes unrefined from the Sugar- 
Colonies, and diffolving it, over the Fire, in an 
equal Quantity of ftrong Lime-Water, we ad- 
ded the Whites of four Eggs, whifked up into 
a Froth, and ftirred the Whole well together, 
in order to clarify the Sugar, after the fame 
Manner as Syrups are ufually clarified; we then 
boiled the Liguor to a higher Confiftence than 
that of a Syrup, or till it would fhoot grainy 
inthe Cold. To make it do this the better, we 
continued to add Lime-Water at feveral times 
in the boiling. Having obtained this Point of 
Confittence, by the Sugar-Refiners called Proof, 
we poured the whole into a Sugar-Baker’s Earth- 
en Mould, ftopping the Hole in the lower 
Kind, and fetting the Mould in a moderately 
warm Place, the Sugar, after fome Days, /eé 
hard, or hardened; then opening the lower 

Orifice 
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Orifice of the Mould, we inverted the fharp 
End into a little Pot, or Sugar-Baker’s Receiver, 
and applied to the wider End, or on the Top of. 
the Sugar, a Mixture of Tobacco-Pipe Clay and 
Water, made into a Kind of thin Pafte, or 
pappy Subftance. And thus the Water quitting 
the Clay, foaked through the Sugar, without dif- 
folving the grained Part, and carried down with 
it only the treacly Matter, lodged betwixt the 
Pores of the Sugar; which treacly Matter was 
catched by the Receiver underneath. And thus, 
by keeping the Clay frequently wetting, and 
fometimes renewing it, all the Treacle was got 
out, and a pure Loaf of White Sugar left be- 
hind; which we afterwards dried in a warm 
‘Chamber, and kept it in a dry place. 

36. The chemical Hiftory of Sugar deferves Tp. Pro- 
to be traced through all its Stages. The ripe ce/ and 
Sugar Canes are ground down in a Mill betwixt Ratiouale. 
Iron Rollers, kept continually feeding ; fo that 
the expreffed Juice runs in a conftant Stream, into 
its proper Receiver, from whence it 1s foon com- 
mitted to the firft boiling Pan, to prevent its 
turning eager: there it is boiled, fcummed, and 
cleared of its groffer and lighter Feculencies 
that float a-top, and alfo drawn from its hea- 
vier Feces which fall to the Bottom, And thus 
the Juice is brought to a Kind of Medlago, or 
Rob *: For the Juice of the Sugar-Cane, when 
fGirft boiled down, is like the Rob of Malr, Rai- 
fins, the boiled Juice of the Birch or Sycamore- 
Tree, €#c. and would never appear in the faline 
Form of Sugar, without fome Contrivance to 
feparate its herbaceous, feculent Part, and a 
particular Addition to give it a confiftent Form. 
Both thefe Ends are anfwered by the Addition 


 # See Le. X. Exp. IL. 
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of Lime- Water: For the Rob of the Sugar-Cane _ 
being of an acid and wnétuous Nature, the 
Quicklime deftroys the prevalént Acidity, dif- 
folves and fepatates the groffer unctuous Mat- 
ter, and at the fame time, combining - along 
with the truly faccharine Part, gives a folid and 
dry Confiftence. And fomething of this Effect 
Lime-Water has in every frefh Boiling; fo 
that by a prudent Ufe hereof the Sugar may, 
after repeated Operations, or by boiling it over 
again with more or ftronger Lime-Water, be 
brought almoft to acryftalline Form. And on 
the Strength, Goodnefs, and Quantity of the 
fine Part of the Lime, thtis intréduced into Su- 
gar, depends the WHiatdhnefs, Whitenefs, and 
fhining, rocky Refplendency of Loaf-Sugar. So 
that the Perfection of the Refiner’s Art depends 
ina great Meafure upon the prudent Choice of 
his Lime, and the Management of his Lime- Water. 

37. The treacly Matter feparated from the 
Sugar, is collected together and boiled, fcum- 
med, and treated with Lime-Water again, to 
obtain from it all the Sugar that it will afford 
ina dry form. When no more can be procured 
from it by the Sugar-Baker, it is then called 
Treacle; being before ufually. termed Syrup, 


which it perfectly refembles: Infomuch that a 


thorough Knowledge of the Art of preparing 
Syrups, with the Effects of their Different 
Confiftences, and their Difpofition to- ferment, 
turn acid, or candy, and the beft Ways of 
clarifying them, @&c. ,may contribute to improve 


the Art of Sugars; and accordingly it appears, 


that moft of the Improvements in the Refining 


‘of Sugars have been owing to Apothecaries and 


Chemitts. | 


38, Sugar, 
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3%. Sugar, thus refined, and difcharged of 
its fuperfluous oily Parts, 1s thereby rendered 
dry, thirfty, or apt to imbibe aqueous Moitture 
er Oil; upon which Property depends that 
ufeful Invention of Eleofaccharums, occafionally 
mentioned above *, by means whereof we are fur- 
nifhed with a very advantageous Method of unit- 
ing Oils with Waters, Wines, Spirits, or all 
Manner of aqueaus, vinous, oF fpirituous Li- 
quors; fo that fuch Liquors may be altered in 
their Flavours, and improved in their Virtues, at 
pleafure. For, by grinding a {mall Proportion 
of any effential Oil with dry Loaf- Sugar, the 
Qil is thus rendered mifcible with any of the 
above mentioned Liquors, and at the fame Time 
is no Way impaired, but rather improved in 
its Efficacy. Y. 

39. And thus we are taught an extempora- 
neous Method of making all thofe fimple and 
compound Waters, whofe Virtues depend upon 
the effential Oils they contain; which is the Cafe 
of moft fimple Waters, as thofe of Mint, Pen- 
nyroyal, sc. Nay, fame fimple Waters may be 
procured in greater Perfection by this Means 
than by Diftillation, as it is commonly perform~ 

ed. Thus the fimple Water of Bavlm, for In- 
france, may be made better by means of the 
Eleofaccharum of Baulm and pure Water, than 
by fimple Diftillation, wlich in this Cafe brings 
over but little of the efiential Oil. 

40. And for compound Waters, they may be 
thus made to greater Perfection than we ufually 
meet with them. For if only the firft Part of 
che effential Oils that comes over be eround 
with Sugar, and introduced into a very Clean 
Spirit, the Cordial Waters fo prepared will be 


* See L.@. XI. Exp. I. 
T 4 no 
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no way inferior to thofe diftilled in the ordinary 
Manner. And_ thus Cinnamon-Water, Clove- 
Water, Nutmeg- Water, Citron- Water, €3c. 
which depend upon the Ufe of but one Ingre- 
dient, may be readily made. And if compound 
Waters are required from feveral Ingredients, 
we need only have a compound Elzofaccharum at 
Hand. 

41. Thefe Eleofaccharums alfo, as they are 
eafily made, either fimple or compound, in great 
Variety, might help to improve the Art of 
Cookery, as affording the Virtues of Aromatics 
in a commodious Form, for feveral ceconomical 
Occafions; and may thus be carried the long- 
eft Voyages without Danger of fpdiling, or of 
having their Virtues impaired: an Inconvenience 
to which the natural Spices, though ever fo well 
cured, are liable. | 

42° Again; A proper Set of thefe Elofac- 
charums might afford a Variety of ferviceable 
Medicines, that fhould have all the Qualities re- 
quired in the beft ; that is, fhould be at once 
fimple, parable, efficacious, and pleafant: For 
as effential Oils contain the fpecific Virtues of the 
Subjects, or thofe Qualities which conftitute every 
Plant the Thing itis, they are of Confequence 
fome of the moft concentrated, powerful, refto- 
rative, and reviving Medicines hitherto known. 

8 


EXPERIMENT V. 
The Way of Refining Tartar. 


43. We took two Pounds of common white 
Tartar reduced to Powder, and put to it five 
Gallons of fair Water, in an earthen Pan, and 
fetting it over the Fire to boil, we in the mean 
Time beat up the Whites of two or three Eggs, 

and 
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and whifked them in among the Liquor, which 
we afterwards fkimmed and ftrained ; then fet it 
to fhoot in an earthen Veffel, in a cool Place, 
for two Days, at the Expiration of which we 
found a Parcel of whitifh Cryftals fticking to the 
Sides of the Veffel. 


44. This is a very troublefome and imperfect Lnconve. 
Operation; for Tartar requiring twenty times zéences. 
its own Quantity of Water to diffolve it, the 
Veffels, the Fire, and the whole Apparatus, muft 
of Neceffity be large to refine a {mall Quantity 
of this Salt; which yet is not {ufficiently refined 
at one Operation, though the Whites of the Eggs 
take up much dirty, and light earthy Matters, 
while the more ponderous fink to the Bottom upon 
ftanding. Hence the Operation muft be feveral 
times repeated, before the Cryftals will become 
perfectly white; which they will fcarce ever 
do, if the Veffel wherein the Operation is per- 
formed be metalline; and Veffels of Earth, 
which this Salt does not corrode, being hard to 
procure fo large as they are required for the Pur- 
pole, this adds to the Inconvenience. | 


45. It is true, for moft Ufes in Chemiftry, Remedied. 

unrefined Tartar will anfwer as well as the re- 
fined, but for the Service of certain Arts, par- 
ticularly Dying, it is required thoroughly puri- 
fied: So that a more commodious Method of 
refining it fhould be endeavoured after, that we 
might at Jeaft be able to refine it in England, as 
well as they doin France. 


46. Tartar is of a very particular Nature; 
being a folid and firm vegetable Salt, extremely 
hard to diffolve in Water, as containing much 
earthy and unctuous Matters, which defend it 
from the ACtion of Water: Whence we are di- 
rected to foften the Body of this Salt, or loofen 

its 
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its Texture, in order to its more commodiou$ 
Refinement. And this End may be obtained 
by a prudent Ufle of Lime-Water, or a weak 
Lixivium of Pot-Afh, or Salt of Tartar; as in 
the Making of tartarized Tartar *, where com- 
mon Tartar is united with its own fixed Salt, and 
rendered eafily foluble in a fmall Proportion of 
Water. But there need not be fo much Alkali 
ufed for this Purpofe, as to deftroy the Acidity 
of the Tartar ; and if too much fhould happen to 
be added, it may be mortified with Oil of Vi- 
triol, fo as not to prejudice the Salt. 


47. But where an extremely pure and perfect 
Cream or Cryftal of Tartar is required, we re- 
commend the ordinary Cryftals, or Cream of 
Tartar, to be diffolved in Water, made highly 
acid with rectified Oil of Vitriol; for if the 
fuperfluous Humidity be afterwards exhaled, the 
Tartar will thus fhoot into perfectly tranfparent 
and beautiful Cryftals, without at all participating 
of the Oil of Vitriol. And by the Help of thefe 
DireGtions common Tartar may be refined in great 
Perfection, and with no greater Trouble than the 
more foluble vegetable Salts. 


48. When the Powdered Cryftals of ‘Tartar 
are mixed with half their Weight of Salt of Tar- 
tar, and diffolved together in boiling Water, they 
make a very extraordinary neutral Liquor, or 
Menftraum,; and by Evaporation a neutral Salt 
of very uncommon Properties. This Salt eafily 
runs in a moift Air; and will powerfully affift 
in extracting the refinous or oleaginous Parts of 
Vegetables, by being boiled withthem in. Wa- - 
ter. The aqueous Solution of this Sale will dif- 
folve the tough Bodies even of Myrrh, Gum- 


* See below § 48. 
Lac, 
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‘Lac, and is much better fitted than Salt of 
Tartar for many of the fame Purpofes where 
that Salt is commonly employed. This neutral 
Salt, or tartarized Tartar, is excellent in healing 
Wounds, and cleanfing Ulcers: It is an agreeable 
and fuccefsful Purgative in hypochondriacal Cales ; 
and, diffolved in Water, makes a pleafant Kind 
ef Purging Water. Its Virtues and Powers, 
both as a Menftruum and a Medicine, feem 
not hitherto fufficiently known; whence we re- 
commend it to farther Experience. 


EXPERIMENT VI. 


The Method of Refining Nitre, or Salt- Petre. 


233 


49. We diffolved four Pounds of rough Nitre, Lape re- 
asic comes fo us from the Indies, by boiling it?” 


in as much Water as would commodioufly fuf- 
fice for ‘that Purpofe; then fet it to fhoot for 


two or three Days in a covered Veffel of Earth, © 


with Sticks Jaid acrofs for the Cryftals to adhere 
to. Thefe Cryftals being afterwards taken out, 
were drained and dried in the open Air. 

50. This teems to be the beft and fimpleft 
Method of purifying Nitre; for thus, by its 
own natural Property of cryftallizing, it fhoots 
pure from the Sea-Salt, or other Foulnefs that 
is apt to mix among it. However, if the Nitre 
prove unctuous, it may be proper to add a little 
Jixivium of Pot-Afh, Lime-Water, or Allam, 
And if by this Means it does not become fufii- 
ciently pure for making the beft Gun-powder, or 
Aqua Fortis, it muft be diffolved again, and re- 
cryftallized, in the Manner of our prefent Expe- 
riment; which being repeated, with a larger 
Proportion of Water than before, evaporating 

flowly 
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flowly and fuffering the Salt to fhoot in a mode- 
rately warm Place, without the free Admiffion 
of the external Air, the Nitre will be obtained 
in its utmoft Purity and Perfection. It is judged 


to be pure, when being thrown upon live Wood 
Coals, it fulminates brifkly, and will then make 


perfect Gun-powder and qua Fortis. 

51. The chemical Hiftory of Nitre is ftill de- 
fective. This Hiftory fhould fhew, by what 
Means Nitre is procurable from all animal and 
moft vegetable Matters: For there are many 
Experiments and Obfervations which feem to 
prove, that Nitre originally proceeds from pu- 
trified Vegetables; that many uncorrupted ve- 
getable Subjects contain it ina large Proportion ; 
and that all animal Subjects contain a /emivolatile 
Nitre; which may be rendered more fixed, or 
like the common, by the Addition of Pot-Ath or 
Quicklime a). ? 

52. To thofe difpofed to enter upon this ufe- 
ful Enquiry, we recommed a full Knowledge 
of the Methods now in ufe for procuring Nitre 
from certain Earths that are dunged by Ani- 
mals, and putrefied Vegetables; the fhorteft 
Ways of feparating the unétuous Matter from 
the Nitre, which occafions all the Difficulty ; 
and a due Comparifon of the Procefs for pro- 
curing and refining of Nitre with that for pro- 
curing and refining of Sugar. There is Reafon 
to believe, an Enquiry of this Kind might be at- 
tended with fuch Succefs, as to fhew that Nitre 
is not peculiar to any one Country, but obtain- 
able in Plenty, wherever animal and vegetable 
Subjects abound 4). 


a) See Mr. Lemery’s Papers upon this Subject in the French 
Memoirs. Scealfo Dr. Siub’s Legends no Hiffories. 
b) See Glauber’s Profperity of Germany. 


ExPERI- 
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EXPERIMENT VII. 
The Method of Making Pot-Apb. 


53. Having burnt a Quantity of common Billet- Po-4% 
_, Wood to grey Afhes, we took feveral Pounds Prepared. 
of thofe Afhes and boiled them in Water, fo as 
to make avery ftrong Lixivium, or Lie. This 
Lie we ftrained thro’? a coarfe Linen Cloth, to 
keep out any black Parts of the half-burnt Wood 
that might happen to remain in the Afhes; then 
we directly evaporated this ftrained Lie in an 
Tron-Pan over a quick Fire, almoft to Drienefs, 
We took out the Matter remaining at the Bot- 
tom, and putting it into an Iron-Crucible, fet it 
ina ftrong Fire till the Matter melted ; and then 
immediately poured it out upon an Iron-Plate, 
where it foon cooled, and appeared in the Form 
of a folid Lump of Pot-Ath, 


54. And much after this Manner is Pot-Ath Uj. 
made in the large Way of Bufinefs, for the Ser- 
vice of the Soap-Boiler, Glafs-Maker, Fuller, 
&Sc. But according to the Difference of the 
Wood or combuftible Matter employed, with 

_ the Manner of burning it, and conducting the 
Procefs, different Kinds of Pot-Afh are pre- 
pared. 


55. Thereare certain faline Plants that yield 4nd ap- 
this Pot-Afh to great Advantage, as particu- plication. 
Jarly the Plane Ka/z; there are others that afford 
it in lefs Plenty, and of an inferior Quality, 
as Bean-Stalks, €Sc. But in general, all vege- 
table Subjects afford it of one Kind or other, 

and may moft of them be made to yield it tole- 
rably perfect, after the Manner of our prefent 
Experiment; even the Loppings, Roots, an 
refule 
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refule Parts, of ordinary Trees, Vine prunings — 


EFc. 

56. But befides the Difference found in diffe- 
rent Vegetables for producing this Salt, as fome 
may naturally contain more or lefs of the faline, 
oily, or earthy Principle, than others *; an- 
other Difference will arife from the Manner of 
burning the Subject, according as that is done 
with a greater or lefs Degree of Fire, or Admif- 
fion of the Air. If a vegetable Subje&t be burnt 
in a clofe, ftifling Manner, to a grey, or fome- 
what blackifh or brown Afh, thefe Athes thus 
containing more of the Oil of the Subjeé, will 
afford a more unctuous Salt, that eafily melts in 
the Fire, and is better fitted for the ready mak- 
ing of Soap. But if the Subject be burnt in the 
open Air, fo thatit have every Way free Accefs 
thereto, the Afhes will be white, or contain no: 
Part of the Oil of the Subjeét; and thus the 
Salt will difficulty melt in the Fire, and prove 
fitter for the making of Glafs (where no Oil is 
required) than of Soap. 

57. A third Difference in Pot-Ath arifes from 
the Length or Shortnels of Time it is detained 
in the melting Fire; whereby it becomes either 
of a grey, white, bluifh, or greenifh Colour ; 
grey or white if itbe foon taken out ; and bluith 
or greenifh if long detained therein. And ac- 
cording to thefe Differences Pot-Ath is more or 
lefs fhanp or ftrong, a Jonger Continuance in 
the Fire always confuming the more unétuous 
Parts, and leaving the faline ones more naked: 
provided no confiderable Proportion of Earth 


-remain mixed with the Salt, which in that Cafe 


would foon be vitrified, or turn to Glafs, .and 
have no faline Property at all. 


* See Le& VIII, pafim. 
68. The 
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68. The fixed Salts of all Vegetables, when Jmprove- 

_ reduced to abfolute Purity, or entirely feparated ””*: 

from the other Principles, appear to be one and 

the fame Thing; at leaft not manifeftly to differ *. 

Whence it fhould feem that, by a fuitable Ma- 

nagement, good faleable Pot-Ath might be made 
in all Places where vegetable Matters abound: 

For if, by examining Rufia Pot afh, for Ex- 

ample, we find, that its fuperior Excellence de-. 

pends upon its being clear of Earth, or upon its 

containing a large proportion of Oil, or fixed 

Salt; thefe Advantages may, by properly regu- 

latmmg the Operation, be given to Engl Pot- 

Afhes, fo as perhaps to render the latter as good 

as the former. But where the Pot-Afh of any 

remarkably faline. Vegetable is to be imitated, 

as that of Kali fuppofe, we would recommend a 

prudent Sprinkling of the Subject with Salt or 

Sea Water in the Burning. And by thefe Ways 

properly diverfified, any Principle that is natu- 

rally wanting in the Subject might be artificially 

introduced, fo as to perfect the Art of Pot+Ath, 

on which the Art of Soap-making depends. 

69. For to make Soap requires an. intimate ry, in se 

Union of the Salt of Pot-Afh with Oul, or any 42 of 
vegetable or animal Fat. This Union in the 52?- 

prefent Method of Soap-makihg is procured by 

a tedious Operation, or by long Boiling a weak 

Lie of Pot-Afh and Quicklime with the Fat, 

adding a ftronger and a weaker Lie occafionally 

by degrees, till the Point requifite to the Perfec- 

tion of the Soap is hit. 

60. It might greatly contribute to fhorten this pysprae- 
Operation and eafe the E-xpence thereof, if a ment in 
mechanical Motion er Engine were employed in- ‘4 4rt. 

_ ftead ‘of Fire, to procure this intimate Union of 


“® See Le@, VIII. 
the 
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the Lie and Oil. And that fomething -of this 
Kind is practicable appears from hence, that 
if, for Example, half a Pint of the Soap-boiler’s 
ftrongeft, or Capital Lie, as they call it, be 
brifkly fhook in a Phial, with an Ounce or 
more of Ojl-Olive, for half a Quarter of an 
Hour, and then the Phial be fuffered to reft, 
there will, in a fhort Time after, be found a 
folid Cake of tolerable Soap at the Top’ of the 
Liquor ; and may be eafily preferved in that 
Form by breaking the Phial, and rendered harder 
by being expofed to the Air. 

71. We could wifh that the Chemical Pepin 
of Soap were extant; for it fhould feem that 
many Advantages might be thence derived to 
particular Arts and Trades. This Hiftory is a 
Thing of larger Extent than will be generally ap- 
prehended, as containing three large Branches ; 
(1) the Hiffory of Pot-Afb ; (2) the Hiftory of Oils 
and Fats; and (3) the feveral Ways of uniting 
them to advantage. 

62. (1) The Hiffory of Pot-Afb would fhew 
wherein the Superfority of the foreign Afhes, 
particularly thole of Marfeilles, Caftile, Venice, 
and ‘oppa, confilts; why the Soaps at prefent 
made in Eugland fall fhort of Perfection; and 
poffibly inform us of the Ways whereby even 
Foppa Soap might be equalled in Eugland. For 
fuch a Hiftory would trace out the real phyfical 
Differences betwixt one Sort of Pot-Afh and 
another, and the Ways of converting any one 
of them into the reft *, fo as to fit them for the 
Soap-boiler, Glafs maker, &e. re{pectively ; IC 
would fhew how the mildeft Pot-Ath is obtain- 
able, for the more curious Soaps, and efpecially 
for thofe intended to be ufed medicinally, &e. 


* Sce above, § 62—6s5. 
And, 
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And, by the Way, there is Room to fufpect that 
a thorough Enquiry into this Subject would 


fhew the Matter of all Pot-Ath to be the Mat- - 


ter of Nitre; or that all the Vegetables which 
yield Pot-Ath by Calcination, might be brought 
to aftord Nitre by Putrefaétion ; or that Pot-Ath 
is nearly the fame Thing, both in Nature, and 
- Subftance, with jixed Nitre *. STS Te 
63. (2) The Hiftory of Oils and Fats would 
alfo fhew how one Sort might be converted into 
another, or hard animal Fats into liquid Oils, 
and liquid Oils into folid Fats, by digefting 
Oils with certain coagulating Acids, &c. how 
all the foreign folid: Oil-Soaps might be imitated 
in Lgland, and how a great Variety of liguid 
Soaps might be prepared for many different Pur- 
poles; the Foundation of the Thing entirely 
depending upon the Ufe of a highly fubtilized, 
and thin vegetable Oil. : ‘ 
. 64. (3) The Hiftory of uniting fixed vegetable 
Saits with Oil, might defcribe feveral Machines 
for the Purpofe,; whereby many Tuns of Soap 
fhould be readily made by Means of Mills, 
‘wrought by the Wind or Water; . and this ei- 
ther with or without Fire. It might alfo inform 
us of feveral Menjtruums,. or conneéting Mediums, 
which fhould, either alone, or with little Af- 
fiftance, procure an intimate Union. And that 
fomething of this Kind is practicable, we are 
affured by particular Experiments. 3 


AXLOMS and CANONS. 
1. We learn from’ the foregoing Enquiries, 
that large Quantities of Oil may lie’ concéaled 


—  * See Glauber’s Profperity of Germany 3 and M, Lemer;’s 
_ Papers upon Nitre in the French Memoirs. 
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in Bodies apparently dry; where neither the 
Eye, nor any of the Senfes, can perceive the 
ordinary Signs of Oil a). 

2. That Oils gained by Expreffion are pet to 
turn rancid, and become unwholfome, by Heat: 
Whence they fhould always be kept cool, and 
not be drawn by the Means of Fire, if intended 
for curious or internal Ufes. a). 

3. That much Oil may be feparated by boil- 
ing Water from Subjects that have already 
felt the utmoft Force of the Prefs: Whence an 
Eye fhould be had upon the Cakes of Lint-feed, 
Muftard-feed, @c. for obtaining a farther Oil, 
after they have been once fqueezed a). 

4. That the oily Subftance of Nuts, Almonds, 
and the like vegetable Subjects, is foluble in 
Water, by bare Triture, into a vegetable Milk, 


having a great Affinity with the Milk of Ani- _ 


mals a). 

5. That expreffed Oils may be readily changed, 
er improved, in their Colours, Taftes, and 
Odours; fo as that any one of them may afford 
a great Variety of apparently different Kinds a). 

6. That aromatic Vegetables yield an effential 
Oil by Diftillation with Water; which Oil con-~ 
tains the effential or fpecific Tafte, Smell and 
Virtues of the Subject 4). 

7. That the sative Spirits, or fine odoriferous 
Parts of Vegetables, are readily imbibed, and 
long preferved, by exprefled vegetable Oils a). 

8. That the Difference betwixt the artificial 
and natural effential Oils of Vegetables, depends 
upon the different Fixednefs or Volatility of their 
direct unctuous Parts 4): Whence we are direct- 
ed to a Way of introducing the gative Spirits of 


a) Exp. I, 
6) Exp, Il. 


Plants 
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Plants into finer or lighter Oils thai the comrion — 


expreffed Kinds; fo as perfectly to imitate, or 
exceed, the natural efféntial Oils. : | 
_g. That there are fure Methods of difcover- 
ing feveral fraudulent and abufive Kinds of Ad- 
ulteration in éffential Oils; but that a more cu- 
rious Adulteration is practicable, fo as to elude 
the common Trials a). : | 

to. That every effential Oil has its determi- 
nate fpecific Gravity: Whence, if a Table of 
their f{pécific Gravities were forméd, from a 
known genuine Set, fuch a Table might be of 
Service in detecting the Frauds of Debafemeénts 
frequently practifed in théfe Oils a), 

11. That feveral Cautions are réquired to ex- 
tract the effential Oils of aromatic Indian Vege- 
tables to Advantage ; which Cautions beitig du- 
ly obferved, fuch Oils may be obtained in Eng- 
land, perhaps as perfect as in the Indies a). 

12. That a highly attenuated Oil is, by re- 
peated Rectifications, obtainable from the grofs, 
fetid, and empyreumatic Oil of vegetable and 

animal Subjects 4). fake cide: : 

13. That the grofs, empyreumatic, animal 
Oils may, by Digeftion with fixed Alkalies, af- 
ford volatile Salts 3). 

14, That the Matter of Sugar is, originally, a 
vegetable Juice, apt to grow four with Heat, 
and not reducible by bare Boiling to folid Sugar, 
_but only to a mellaginous or treacly Subftance c). 
15. hat many other vegetable Juices, as par- 
_ ticularly thofe of the Bitch and Sycamore Trees, 


the Rob of Malt, of Raifins, €¥c. are convertible ' 


into good Sugars, by the fame Means that are 
% 


ufed in the ordinary Sugar-making c). 


- ay Bap. II. 
6) Exp, III. 
c) Exp. IV. 


U 2 16. That 
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16. That the Art of refining Sugar, fo as to 
make it rocky, perfectly white, {pangly and 
refplendent, principally depends upon a prudent. . 
Choice and Ufe of Lime-Water a). 

17. That refined Sugar renders effential Oils 
inftantaneoufly. mifcible: with Wines, Water, 
and Spirits; fo as to afford a ready Means of 
improving feveral Arts a}: Or that the proper 
Introduction, Ufe, and Application of Elzo/ac- 
charums, May improve the Art of Diftilling, 
Pharmacy, Wines, Cookery, and Medicine a). 

18. That the troublefome Art of refining Tar- 
tar may be fhortened and improved by the Ufe 
of Alkalies and Oil of Vitriol 3). 7 

19. That Tartar is convertible into a very dif- 
ferent Salt, by being united with its own fixed 
Salt; fo as hence to become a powerful Men- 
firuum, and a valuable Medicine 3). 

20. That Cryfiallization, once or twice’ re- 
peated, is a fure Method of refining Nitre, or 
Salt- Petre c). . 

21. Uhat Nitreis not originally a foffil, but 
a vegetable Salt; and thence to be found'in ani- 
mal Subjects d). 7 : 

22. Phat a full Enquiry into pratticable Me- 
thods of procuring Nitre direétly from vegetable 
and animal Subjects, may be attended with Suc- 
cefs d). 

23. That ferviceable Pot-Afh may be made 
in any Place that abounds with vegetable Sub- 
jects e), ) 

24. That the Art of making Pot-Afh is im- 
proveable by chemical Knowledge, to the Ad- 
vantage of the feveral Arts thereon depend- 
ing ¢). 


a) Exp. IV. b) Exp. V. ¢) Exp. VI...) Exp. V1. 
and VII. ¢) Exp. VIL. 


. 25. That — 
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25. That in particular, the Art of Soap- |, é 
making may be brought to much greater Per- 
fection in England, by Means of a mixt chemical 
and mechanical Enquiry 2). | 


LEG TUR Fox. 
2 espe Popes aes 


_ Attempts to illufirate and improve the Bufj- 
nefs of Colours, Dyes; and Stains. 


I. UR prefent Bufinefs is to difcover the Te Sub- 

, Means of producing, varying, chang-/##: 
ing, and deftroying the Colours of Bodies; with 

_ a View to improve the feveral Arts that depend 
upon the Ufe of Colours, Dyes, and Stains 3). 

2. This we fhall endeavour to perform by The 
Means of Experiments, firft upon Light, and Means. 
then upon felected Subjects of the vegetable, 
animal, and mineral Kingdoms; in order to find 
out the phyfical Caufes of the Effects produced. 

3. The firft Experiment therefore will thew; Te Heads 
that common Light is feparable into feveral of the Exe 
Colours : The /econd will be colle&tive, or afford beriments. 
a Variety of Inftances to prove that the Colours , 

_ of Bodies depend upon a certain Difpofition of | 

Parts, fitting them to reflect the differently : 


a) Exp. VI, 

6) The prefent Le4ure was not publickly read, as the reft 
were ; a clear fun-fhiny Day, which the Experiments require, 
not happening at the Time. : 


U 3 ; coloured 
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coloured Rays of Light: The ¢hird principal 
Experiment will exhibit the Method of obtain- 
ing thofe vegetable Colours commonly called La- 
ques: The fourth wiil teach the Way of preparing 
a certain animal Colour called Prufian Blue : 
and the fifth will thew the Way of preparing a 


-metalline Colour, for tinging Glafs red, &c. 


EXPERIMENT I. 


That the Rays of Light are compounded, and fepa- 
rable into feven diftiné? Kinds or Orders of Light, 
on which all Colours depend. 


4. (1) Having darkened a Room, by fhutting 
up all the Windows, and bored a {mall Hole in 
a Shutter oppofite to the Sun; if a Glafs Prifm 
be now properly placed againft this Hole, we find 
that an oblong and varioufly coloured Image of 
Light will be thrown upon the Cieling, or far- 
ther Wall of the Room. (2) If this Image of 
Light be carefully examined, it will appear to 
confift of feven diftin@ Colours, or different 
vivid Lights, which are conftantly found in the 
fame Order; viz, Red in the fird Place, Orange 
in the fecond, Yellow in the third, Green in 
the fourth, Blue in the fifth, Violet in the 
fixth, and Indigo in the feventh: But a flight 
View diftinguifhes only five principal Colours ; 
viz. Red, Yellow, Green, Blue, and Violet. 
(3) If thefe feveral coloured Lights be fepa- 
rately received upon another Prifm, in the. 
fame Manner as the Sun’s Rays are by the firit, 
they fuffer no farther Divifion, or Refolution, 
but remain invariably the fame: And this they 
do whatever figured Giafs, Cryftal, or Diamond 
be made ule of. (4) But if the whole pice 

a) 
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ef thefe differently coloured Rays be received, Compound 
from the firft Prifm, upon a Lens, or double ~*é 
convex Glafs, in the Room, they are thus “*”* 
blended together again, and may be thrown up- 
on Paper, or any other Body, placed at a due Di- 
~ ftance, fo as to form a Spot of white and bright 
~~ Light in the Focus of the convex Glafs. (5.) If Odjeds a/- 
the red Rays be feparately received by an opake /ume the 
white Body, that Body appears to be red; if sae A 
the yellow Rays be feparately received in the ~ *” 
fame Manner, by an opake white Body, the 
Body. appears to be yellow; and fo of the other 
Colours re{pectively : A red Body appears more 
vivid, or intenfely red, in the red Light; a 
blue Body more vivid, or intenfely blue, in the — 
blue Light, &c. But all coloured Bodies appear - 
more dead or languid in Lights of different Co- 
lours from their own; as a red Body in a blue 
Light, &c. 

5. This, general Experiment.is the Founda- 
tion of Sir L/aac Newton’s Doétrine of Light and 
Colours *; and may fhew, (1.) that the Sun’s Ligita 
Light is not afimple Thing, but compounded of Compound 
feven different Orders of coloured Rays; all 
which being exquifitely blended together, con- 
ftitute a perfectly white Light : (2.) Thar thefe o¢ par, 
feven Orders of Rays are differently refran- Colurs. 
gible ; that is, differently difpofed to be turned 
out of their Way, in paffing from one tranfpa- 
rent Body into another; the red Rays leaft, the — 
Violet moft, and the reft in their Order as men- 
tioned above: Which is the phyfical Reafon 
of the Divifion of Light into thefe feven Or- 
ders of Rays, and that there are no more 
than feven original Colours of Light: (3.) That 
Bodies appear of the fame Colour with the 


* See his Optics, paffim. 
ne Var" Order 


5 
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The Co- Order of Rays they refle@:, or turn back, sin-— 


fours of to the fame Medium from whence they were 
Bodies : 


from _—*veceived: (4.)) That White and Black are no 

| Light., true Colours; but White an equal Reflection 

White and of all the original Colours, and Black the Ab- 

a ”’ forption of them all; for if they were returned, 
Colours. . : y 4%" 

| either mixed or unnmaixed, Whitenefs, or fome 

of the feven original Colours of Light, and not 

Sonat  Blacknefs, would appear » (5.) That the Variety 

cohence, of COlours in natural Bodies proceeds from their 

differently reflecting or refracting the Rays af 


- one, two, or feveral Orders, more than the reft.. — 
Thus the Bodies denominated red chiefly re- — 


flect the red Order of Rays; thofe denomi- 
nated blue Bodies chiefly reflect the blue Rays 
-of Light; and are thence faid to be red, blue, 
éc. And all the mixed Colours of natural Bo- 


dies arife from their reflecting two or more | 


Orders of . Rays together, and abforbing or 
ftifling the Reft. 


Experiment Il. 


Or, colleétive Inflances to fhew that Tranfparency, 
Whitenefs, Blacknefs, and Colours, as confidered 
in Bodies, depend upon certain particular Struc- 


tures, Textures, or Arrangements of the Parts of | 


Bodies ; differently difpofing them to tranfmit, re- 
fect, refrac, or abforb the Rays of Light. 


The Tex~ ©'6,*( 1.) Glafs, Cryftal, Diamonds, Nitre, Bo- 


ture of Bo eax and other tranfparent folid Bodies, lofe 
dies chan- 

gedby Tri- tHE A 
ture. their being reduced to Powder; that is, by a bare 


. Alteration of their grofs Texture, or a fimple 


Reduction to fmaller Parts, fo as to make them ~ 


reflect many of the Rays of Light which they be- 
fore tranimitted. And the fame holdsof the Whites 
of Eggs whiiked up toa Froth, frothy Water, &c. 

7. Black 


_their Tranfparency, and appear white, upon - 
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- 9. Black Talc, by being made red hot in the 3) Fire. 

Fire, is turned of a Gold Colour; Syrup of 

Violets, by a boiling Heat, lofes its beautiful 

- Wiolet Colour, fo as at length to become pale, 

or colourlefs; white Loaf-Sugar, being barely 

melted over the Fire, without Water, immedia- 

tely changes its Whitenefs, and becomes brown, ~ 

or, by a longer Continuance, black ; fo that a 

fingle Grain of this black Subftance will tinge a 

Pint or a Quart of fair Water, or colourlefs 

Brandy, of a beautiful yellow, brown, or ftraw 

Colour; for which Purpofe it is ufed by Diftil- 

lers, and others 4). | 
-8, All the finer coloured Flowers, as Violets, 2, :4¢ Air. 

Carnations, Rofes, €%c. lofe their Colours ba- soe 

_rely by being expofed to the open Air for any 

long Time; {o as at laft to appear perfectly dif- 
charged, or white; as if they had been expofed 

to that particular Difcharger of Colours, the 
Fume of burning Brimftone. . And the fame 

is remarkable of the finer or lighter Kinds of 
Colours in Silks, or the light Blues, Yellows, 

and Reds, particularly the light grain-coloured 

Silks ; all which Colours are gradually changed, 
difcharged, or abolifhed, in wearing, or by the 

. Silks being long expofed to the Action of the «i. 

Air 2). Butthe ScarletColouris more fixed and > 

durable. And, in general, the deeper any Co- 

lours are, the more fixed and durable they 

prove ; as being thus not Shades, as the Pinks, 

light Blues, &c. are, but true Colours, corre- 

{ponding to the original Colours of Light. Add 

to this, that Dyers conftantly find their Colours 

prove brighteft, or ftrike to the beft Advantage, 

when the Airis clear 4). Laftly, the blue effen-. 


a) See Le#. If. and XII, 
b) See Led. Il. paffim. 
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By Water. 
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tial Oil of Camomile-Flowers lofes its Colour, 
and changes to a dirty Green, by being expofed 
to the Air. 

g. Different Waters ftrike different Colours 
with the fame tinging Ingredients: Thus irony 


Waters turn black, or inky, with Galls, Green 


By Salzs. 


The Tex- 
ture of 


Tea, Sc. And Dyers find fome certain. Wa- 
ters more proper for their Purpofes than others. 
And, in general, the pureft and lighteft Waters 
{trike the beft Colours with Dying-Stuffs. And 
hence it is that fuch Waters as have, by long 
ftanding, putrified, or fermented, and purged 
themfelves, or been filtred thro’? the common 
Filtring-Stone, or Sand, are found to extraé 
and communicate Colours to the greateft Ad- 
vantage. *, 

10. Salts having a Power to alter the Textures 
of Vegetables, do confequently produce Changes 
of Colours therein Thus moft Flowers, whe- 
ther blue or red, as Violets, Rofes, €¥c. turn 
green with d/kalies ; but Violets turn red, and 
red Rofes have their native Rednefs greatly high- 
tened by Acids. So again, the yellow Roots of 
Rhubarb, Purmeric, &. are hightened, or made 
redder, by alkaline Salts. | 

11. As Metals have a ftrong Texture in their 
metalline Form, fo they preferve their natural 


Metals lefts Colours durably, unlefs corroded or diffolved 


altesrable. 


Son. 


by their particular Menftruums; after which, 
their Solutions ftrike particular durable Colours, 
or afford the ftrongeft Stains. 

12. Iron difiolved in ftale Small-Beer gives the 
beautiful Yellow ufed in Callico-Printing ; when 
fublimed with Szal-Armoniac it alfo affords a 
Yellow. And the common Jron-Moulds made 
by Ink, are owing to the Iron diffolved in the 


* See Lect. V, paffim. 
Copperas, 
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Copperas, whereof the common Black Writing — 
Ink is made. | 

13. Copper melted with Zink appears of @ Copper. 
Gold Colour ; diffolved in Aqua-Fortis it affords 
a beautiful Green ; and in any urinous Spirit, 
a beautiful Blue; and the Solutions may be re- 
duced to dry Colours, by Cryftallization, or 
_ Evaporation, The fame Metal precipitated 
with common Salt, out of Agua-Fort:s, gives the 
Turquoife Colour to white Glafs, when melted 
therewith.. Ee non | 
44. Tin, a white, or colourlefs Metal, af- zijn, 
fords a light blue Colour, by being fluxed with 
Antimony and Nitre. The fame Metal is ne- 
ceffary in ftriking the Scarlet-Dye, with Aqua- 
Fortis and Cochineal. Its Calx turns, by ftrong — 
Fufion, to a Glafs of the opal Colour. 

15. Lead, being corroded by the Fumes of z¢¢. 
_ Vinegar, makes -the fine White called Cerufe, 
and the white Fucus called Magiftery of Lead ; 
- being calcined in a ftrong naked Fire, it be- © 
comes Minium, or Red Lead; and this melted 
into Glafs with Sand, is the Foundation of the 
Art of imitating all the coloured Gems : For 
this Glafs itfelf will refemble the Hyacinth, 
and by the Addition of prepared Gold and Tin, 
the Ruby a); the Sapphire with Cobalt, the 
Emerald with Iron and Copper, the Amethyft 
with Gold, and the Granat with Iron, &c. 4). 

16. Silver, another white, or colourlefs Metal, 9;/,,, 
being diffolved in 4qua-Fortis, if Chalk is put 
to the Solution, turns of a beautiful Purple, or 
Amethyft Colour : And its own Solution, tho’ 
pale as Water, durably ftains the Nails, the 
Skin, the Hair, and other animal Subftances, 

brown or black. 


a) See below Exp. V. 6) See Neri’s Art of Glafs ; and 
Mr. Boyle's Philofophical Works, paffim. 
17, Quick- 
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Quick- | 
‘ Silver, 


Gold. 


Minerals. 


4 colour lef; 
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17. Quickfilver mixed with Brimftone makes 
a black Mafs ; and this, by Sublimation, affords 
the beautiful red Pigment called Cinnabar, or 
Vermillion : and the Solution of Quickfilver, 


being: precipitated with common Salt, yields a _ 


{now white Powder ; which alfo turns black, by 
being mixed with Sulphur. 

18. Gold, diflolved in Aqua Regia, affords a 
fine yellow Liquor ; which ftains animal Sub- ~ 
{tances beautifully purple: And if the Solution 
be fufficiently weakened with Water, and mixed 
with a Solution of. Tin, a fine red or purple — 
Powder may be thus obtained for {taining Glafs 
moit beautifully red a). 

19. Many mineral Subjeéts are natural Pig- 
ments ; as native Cinnabar, Ochre, Black Lead, 
6c. but particularly the yellow Earth called 


Light Ochre, found in Shottover Hills, which is ‘ 


ufed native as a light Yellow, and by Calcina- 
tion makes a light Red. This Colour England 
fupplies Ztaly with; and Le Gar would frequently 
fay he had been no Painter without it 5). 


Experimental Infiances of Colours produced, deftroyed, 
and regenerated upon fimple Mixture. | 


20. (1) Put dry red Rofe-Leaves into Spirit 


Liquor af- of Wine, and, by ftanding a little therein, the | 


fording 
Colours by 


Mixture. 


Rofe-Leaves will lofe their red Colour, without 
manifeftly tinging or altering the Liquor; then 
add a little Oil, or Spirit, of Vitriol thereto, 


» and the Liquor will appear cf a red Colour. 


But if a little alkaline or urinous Spirit be poured 
to the Mixture, the red Colour prefently chan- 


/ ges to a Green; which, by the Addition of a 


a) See hereafter, Exp. V. 
6) See below, Exp. V. §. 67. 


little 
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little more Spirit of Vitriol, turns to a red Co- 
lour again. | 
- at. (2.) Make a flight Infufion of bruifed Galls Colourle/s 
in Water, fo as not to difgolour the Water ; filtre 4707s 
the Infufion; make alfo a weak Solution of Blockeek. 
Green Vitriol in Water, and filtre the Liquor, fo 
that they may both appear pellucid : Thefe Li- 
quors being now mixed together, an inky Black- 
nefs will immediately arife; but if a little Oil 
of Vitriol be added to the Mixture, the Black- 
nefs will, by Degrees, totally vanifh, and the 
Liquor appear pellucid again; tho’ the Black- 
nefs may be.recalled by the Addition of a little 
Salt of “Fartar. 


a very white Subftance, be put into pellucid Oil 4% ¢4 


‘of Vitriol, and the containing Gla{s, be fhook 4 atlueld 


k ; ; Fluid, 
for fome Time, the Camphire will diffolve, and purned into 


gradually change the Mixture to a Brown, and Blacéne/i. 
at length to a full Black. But upon the Addi- 
tion of fair Water, the Blacknefs entirely va- 


 nifhes, and the Camphire rifes to the Top in its 


pear of a beautiful Blue ; but if viewed towards 
the Light, of a Yellow. ' If a little Spirit of MsColur 


lution; but recovered upon the Addition of the Water. 


priftine Form, and native Whitenefs *. | 

23.(4.) If the Shavings of Liguwm Nephriti- 4 Liquor 
cum be infufed for fome Time in cold Water, and different 
the clear Liquor be decanted into a clean Glafs, eee ra 
and viewed from the Light, the Liquor will ap- ifferently 


VIEWED 


Nitre be put to this Liquor, it lofes its Power yond 
of reflecting the blue Rays; but the Addition of 077747" 


meray : oo vered by 
a little Oil of Tartar, per deliquium, recovers that Mixture. 


Power again. | ; 
24. (5-) If Logwood be infufed in Water, it Red cbae- 


: rat we aed inte 
gives a red Colour; which, upon the Addition Purple bi 


Act | oe Gap ‘ Mixtures 
* It is remarkable, in this Experiment, that the ftrong 


Scent of the Camph’re is abiolutely wanting in the black So- 


of 
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of a little Spirit of Urine, turns to a fine Purple: 
But this may be changed to a dilute Red, by 
dropping in a little Spirit of common Salt. | 
Red Co- 25.(6,) An Infufion ef Brazil] Wood, or Co- 
pit oS chineal, in Water, is much hiehtened in its red 
lowered by COlour, by the Addition of Spirit of Urine ; 
Mixture. and lowered or turned paler by the Spirit of 
Salt. 
Apellucid 26. (7.) If Spirit of Wine be digefted upon 
sean dye TECENE Camomile-Flowers, and diftilled over 
by eoubie from them in aGlafs Retort, the Spirit will thus 
Body. acquire a beautiful blue Colour, which may be 
made deeper by being drawn over again from 
frefh Flowers. 
A blueCo- 24. (8.) A beautiful blue Tinture being made 
lour def by digefting Spirit of Urine upon Filings of 
Hie Copper, the Addition of a little Oil of Vitriol 
oe" entirely deftroys the blue Colour ; as 4 little Spi- 
rit of Salt turns it to a Green. feats” 
Pellucid 28. (9.) Pellucid Oil of Vitriol being mixed 
Liquors | with pellucid Oil of Turpentine, or the effential 
agpael Oil of Anifeeds, or more particularly with Oil 
y Mix ; . 
pane of Cloves, they turn thereupon into a thick, red 
Balfam. And fo again, if a pellucid common 
Oil be, by Means of a little Wax and continued 
Triture, gradually mixed with fair Water, they 
unite into a very thick, white-Subftance, Balfam, 
| or cold Cream. 
ee 29. (10.) Oil of Vitriol being diftilled over 
ser aa from Quickfilver, leaves a white Powder be- 
low by hind; to which if Water be poured, the Powder 
Mixture. prefently becomes of a beautiful Yellow. 
The fame . 30 (11.) To a Solution of Quickfilver in 
Solution Spirit of Nitre, add Spirit of Urine; and a white 
effin ding Powder will be precipitated: To another Parcel 
diferent’ of the fame Solution add Oil of Tartar per deli- 
Py, ip. Gtinm, and a yellow Powder will fall to the Bot- 
tates, tom: To a third Parcel of the fame Solution ' 
add 
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add Spirit of Urine, and the Precipitate obtain- 


ed will be of a Flefh-Colour. 


gt. (12) If a clean new Pen be dipped in Limpidtak 
Spirit of Vitriol, and the common deep Blue 2ppearing 
Paper be wrote upon therewith, the Letters ap- tile 
pear of a very bright and beautiful Red : And, 
in the fame Manner, pellucid Spirit of Salt ftains 
a black Hat red. : 

32. (13) A pellucid Solution of Saccharum Invifible 
Saturni in Water, being wrote with, becomes ixé 
invifible upon the Paper, when dried: But the 
bare Fumes of another tranfparent Liquor, viz. 
an Infufion of Quicklime and Orpiment in Wa- 
ter, will foon render the invifible Writing black 


and legible. And thus thofe commonly called 


~ 


Invifible or Sympathetic Inks are made. 
33. (44) The volatile Salt of Sale-Ammoniac, 4 white 
a white Body, and the Cryftals of Copper, i 
green one, will, by Mixture, become Purple. Pade 3 
34. (15) Salt of Steel, a green Body, and 4 Greez 
Sugar of Lead, a white one, being mixed toge-474”hite, 
ther, the Surface of the mixt Powder will ap- 74" 


° 4 ; "§ i 
pear red; whilit the internal Parts are of a dirty nae 


White. . 


35. (16) That original, and fimple, as well 
as compound, Colours, are producible by Mix- 
ture, appears from many Experiments. _ 

36. (17) lf the Sun’s Rays pafs thro’ two 4Greex 
Pieces of differently coloured Glafs, for Inftance, 7 Light 
a blue and a yellow Piece, laid upon each other, Paty 
and thefe Rays be received from the Glaffes egos 
upon white Paper, they then appear of a beau- Gis. 
tiful Green. | 

37. (18) It is common with the Dyers, to Greens 
dye the Cloth firft Blue with Woad, and turn 9¢¢/*™ 
that Blue into a Green by the Yellow called ))7.0° 
Dyer’s Weed, or Luteola. 

38. (19) 
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Greenfrom 38. (19) To a fine yellow Solution of pure 
ablueand Gold, in Aqua Regia, add a deep blue Solution 
ee will appear green. 

Per ils cate atin Blue and yellow tae, being 
and yellow Melted together, conftitute a green one. 


Ammel. 40. (21) The Painters make a great Variety 
Many, of compound Colours, by mixing two, three, 
Painter's 


Colours by OF More different Colours together, either . on 
Mixture, their Pallat, or onthe Canvas. 
aii Gee) A Mixture of.the feven original Co- 
ahs as lours, or even five of them, will make a White; 
tikes and the more perfectly, the finer and more per- 
White. fect the coloured Bodies are. Thus, if a large 
Top be painted on its upper Surface, one Part 
red, another yellow, another green, another blue, 
and another violet ; this Surface, whilft. the 
Top is fpinning brifkly (fo that the Motion 
fhall confound the feveral Colours, or make 
them, appear mixed to the Eye) will exhibit a 
dirty Kind of Whitenefs. And in like Manner, 
by mixing together Powders of different Co* 
Jours, as Vermillion, Orpiment, Indigo, Verdi- 
ereafe, Fc. in proper Proportions, the compound 
Powder will, in a ftrong Light, appear to be 
white. And if differently coloured Flames 
could be brought to mix, this Experiment might 
| be made in greater Perfection. 
Flames of 42. (23) “Flames are’ of different Colours, 
different. according to the Bodies that produce them. 
Colours. Thus the Flame of burning Camphire is white, 
like the Focus of a Burning-Glafs; the Flames 
of Spirit of Wine, and of Sulphur, are blue; the 
Flame of white Wax is white, inclining to hua ; 
that of Tallow, white, but rather inclining to 
yellow, &¢. Whence proceeds the Difference 
of the Colours of Bodies, as viewed by Day- 
light, Candle light, Fire-light, fulphureous ee 
| . 


Jee ia ae Copper in Spirit of Urine ; and the Mixture . 
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foe. And, rit making Experiments to this 
Purpole, Oil might be impregnated with cer-_ 
tain Metals, as particularly Copper and lron, 
by Triture, and Digeftion, fo as to exhibit 
their particular F lames. ' 

43. (24) The Prifmatic, or original Colours¢p, Pri 
may be imitated to confiderable Petfeétion. in matic Cos 
Liquors, where the Parts of the tinging Sub{tan- “ars imi- 
ces are rendered extremely minute or aoe gee 
a Solution of Cochineal in Spirit of Urine, view- 
ed in a ftrong Light, affords a moft vivid and 
beautiful Red; a "Solution of Copper in Spirit 
of Urine, yields a glorious Blue; a Solution of 
Verdigreate in diftilled Vinegar, i is an excellent 
Green ; a Solution of Gold in Aqua Regia, 
makes a fine Yellow; an Infufion of Violets in 
lone ‘Water, affords an excellent Violet Colour; 
évc. And from a thorough : eA COMAINEANCE with 

thefe Liquors, and the ‘Methods of varying, 
mixing, and heightening their Colours, many 
Improvements i in the Arts depending upon Co- 
a Dyes, and Stains, might be rationally 


lip (25) The foregoing Set of Experiments Refelt of 
not only confirms the former leading Experiment the Expe- 
made with the Prifm, but alfo Sir [aac New-"*?* 
tow’s general DoGirine of Colours : For it is hence 
maniteft, that flight mechanical Alterations in 
Bodies, produce, Bes er abolifh all Kinds of 
Colours therein; or that all the Colours of Bo- 
dies are only original Colours of Light, diffe 
rently reflected, either in a fimple or varioufly 
compounded State, according to the particular 
Difpofition, Texture, Mixture, or Arrangement 
ot the fmall Parts of the reflecting Body, fo as 
to afford that infinite Variety of Colours we meet 
with in natural and artificial Things. 


ps ExPEeRi- 
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ExrperimMen® IIf. 


The Method of preparing the vegetable Colours called 
| Laques. 


The Laue As, Take a Pound of Turmeric-Root, redu- 


of Turme- 


il. 


The gene- 


ced to fine Powder, three Pints of fair Water, 
and an Ounce of Salt of Tartar ; put them into 
a glazed earthen Vefiel, and-let them boil to- 
gether, gently, over a clear Fire, till the Wa- 
ter appears richly impregnated with the Tur- 
meric, or will ftain a Piece of white Paper beau- 
tifully yellow ; then filtre the Liquor, and gra- 
dually add to it a ftrong aqueous Solution of 
Roch-Allum, till the yellow Matter is all curd- 
led together, or precipitated : After this, pour 
the Whole into a Filtre of Paper ; where the 
aqueous Part will run off, and leave a yellow 
Matter behind; which being edulcorated, or 
washed in the Filtre, by the repeated Affufion 
of frefh Water, till the Water comes away in- 
fipid, and afterwards dried, becomes the La- 
gue of Turmeric, or a beautiful yellow Colour _ 
for Painting. 

46. This Experiment fhews a general Me- 


ralWay ofhiod of obtaining a Laque from all the vege- 


obtaining 


Laques. 


table Subje&s fitted to afford it : For in the 
fame Manner may a red Laque-be made from 
Madder, Brazil, and many other dying Woods, 
or tinging Vegetables. But where the Colour 
of the Subject depends upon a very fubtil Tex- 
ture, Mixture, or Arrangement of the Parts, 
this Method deftroys, or at leaft impairs, the 
Colour; as particularly in Violets, Red Rofes, 
Carnations, &¢. So that it feems applicable 
only to the tinging Vegetables of a fomewhat 
{trong and firm Texture. ¢ 
47. In 
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.47. In fome Cafes alfo a fimpler Procefs is Te parti- 
fufficient to obtain rich Lagues particularly #4" 4 
that beautiful red one emphatically called Laque 4% bok 
and from which the Name feems to be derived 
to the reft. This red Lague is obtained barely 
by boiling Stick-Lac in Water ; then filtring the 
Decoction, and evaporating the fuperfluous Hu- 
midity : For the! beautiful red Colour adheres 
to the Outfides of the Sticks broke off the Trees, 
along with the Gum-Lac ; and readily communi- 
cates itfelf to boiling Water *. As fome of this 
tinging Matter likewife flicks to the Gum 
itfelf, it is proper to boil them both together : 
For the Gum does not prejudice the Colour, nor 
diffolve in boiling Water : So that after the 
Operation the Gum is as fit for the making of 
Sealing-Wax, or other Ufes that do not require 
the Colour, as it was before. | 

48. And much after the fame Manner is that Carmine. 
extremely rich and beautiful red Colour called 
Carmine prepared from Cochineal and a Solu- 
tion of Tin; for Carmine may be conceived as 
no more than the Scarlet, or Bow-Dye Liquor, 
concentrated, or reduced to what the Painters 
call a Body. 

49. How far our prefent Experiment may be Extenfion 
applicable to other Parts of the Materia tinGoria, *t?? #=- 
feems not hitherto well confidered. Doubtlefs??”””” 
it might afford a great Variety of ew Colours, 
by a proper Extenfion and Diverfification in the 
° Menfiruum and Method. For Example: If Red 
Saunders be digefted warm in Spirit of Wine, 


* The tinging Matter adhering to the Sticks and Gum is 
perhaps not a vegetable, but animal Subftance; fomewhat of 
the Nature of Cochineal, and depofited in Form of an Excre« 
ment, by a certain Kind of Bees, in the Indies. Seea Paper 
upon this Subject in the Freach Memoirs; fee alfo Mc. Boyle 
upon human Blood. Abrixgm. Vol. U1. p. 481. 
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the Menftruum acquires a deep red Colour ; 
and if drawn off by Diftillation, leaves behind 
it a red, taftelefs, and inodorous Rofz, that 
affords no Smell even upon burning,nor diflolves 
in any expreffed or effential Oil; yet, even in 
a {mall Proportion, tinges Spirit of Wine of a 
full red Colour, fo as to render it uteful for 


anatomical Injections, We. 


Another 
from Red 
Wine Lees. 


. 


_ 50. Inlike Manner may a particular gummy, 
red Subftance, or Pigment, be obtained, by Spi- 
rit of Wine, from dried red Wine Lees; and 
whether the tinging Parts of the more cumber- 
fome dying Woods and Stuffs could not be ad- 
vantageoufly extracted, at the Places of their 
Growth, fo as to leave their ponderous Bulk 
behind, and bring away only their concentra- 
ted, effential Colours, might deferve the Confi- 
deration of the Merchant, the Dry-Salter, the 
Dyer, the Callico-Printer, éfc. It might be 
tried in Ioog-Wood, Campeche, or Brazil; in 
Madder, Safflore, and many other dying Woods 
and Stuffs, whofe Names we feldom meet with 
but in the Bills of Entry. 


ExPpERIMENT IV. 


The Way of preparing an animal Colour called 
Pruffian Blue. 


TheProcefs © 61. Lake of crude Tartar and Nitre, each 


Sor making 
o 


Pruffian 


Blue. 


four Ounces; pulverize, and mix them toge- 
ther ; and, by Defiagration, bring them to a 
fixed Salt; which being powdered hot, add to 
it four Ounces of thoroughly dried Ox-Bicod, 
reduced to fine Powder: Calcine the Mixture 
in a covered Crucible, whereof it may fill two 
thirds: Then lightly grind the Matter in a 
Mortar, and throw it hot into two Quarts of 

boiling 
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boiling Water; boil them together for half an 
Hour; afterwards ftrain off the Liquor, wath 
the black remaining Subftance with frefh Water, 
and ftrain: as before; continuing to do thus till 
the Water poured off becomes infipid. Put the 
feveral Liquors together, and evaporate them 
to two Quarts. Now diffulve an Ounce of 
green Vitriol, firft calcined to Whitenefs, in fix 
Ounces of Rain-Water, and filtre the Solution. 
Diffolve alfo half a Pound of crude Allum in 
two. Quarts of boiling Water; and add this to 
the Solution of Vitriol, taken hot from the 
Fire; pouring to them likewife the firft Lixi- 
vium, whilft thoroughly hot, in a large Veffel: 
A great Ebullition and a green Colour will im- 
mediately enfue. Whilft this Ebullition conti- 
nues, pour the Mixture out of one Veffel into 
another, and afterwards let it reft; then ftrain 
the Liquor thro’? a Linen Cloth, and let the 
Matter, or Pigment, remain in the Strainer ; 
from whence put it, with a wooden Spatula, 
into a fmall new Pot; pour upon it two or three 
Ounces of Spirit of Salt; and a beautiful blue 
Colour will immediately appear. Let, the Mat- 
ter be. now well ftirred; then fuffered to reft 
fora Night; afterwards thoroughly edulcorate 
it by repeated Affufions of Rain-Water; al- 
lowing a proper Time for the Precipitate to fub- 
fide: And thus, at length, it will become ex- 
quifitely blue. Laftly, let it drain upon a Linen 
Strainer, and dry it gently : By all which Means 
it becomes the Pigment that goes by the Name 
of the Pruffian Blue. : 
52. The Succefs of the Experiment depends The Cax- 
greatly upon the Calcination. ‘The Geucisie!™ 774 
jeRte te bexCurrounded: witty Coals, at fome 
Diftance; that it may grow gradually hot, and 
the Matter leifurely flame andglow. Let this 
, X 3 Degree 
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Degree of Heat be continued till the Flame 
and Glowing decreafe; then raife the Fire 
‘that the Matter may glow with an exceeding 
white Heat, and but little Flame appear above 
the Crucible. The Lixiviums fhould be very 
hot, and mixed together with the utmoft Expe- 

dition®, 
lisNature. 53. Lhe Method of making this Prufian Blue 
in Perfeétion, has been held and purchafed as a 
very valuable Secret, both in Engiand, Germany, 
and elfewhere; but it is now got into feveral 
Hands. Its Procefs is very extraordinary, and 
could fcarce be deduced a priori,. from any rea- 
f{oning about the Nature of Colours. It is allowed 
an excellent blue Pigment, and by fome preferred 
to Ultramarine ; tho’ its Durability might have 
been fufpected, from the vegetable and animal 
Matters ufed in its Preparation, if the Colour 
did not feem wonderfully fixed by the Opera- 

tion. 
Manyanie 454. A great Variety of Colours are prepared 
malMat- hy the Means of animal Matters; and more 
er “particularly by the Means of Urine; which, 
we? when it has ftood to ferment, or putrify, ferves 
to extract, change, or fix the natural Colours 
of fome Bodies; and to heighten the Colours of 
Particue others. Thus it is ufed in the preparation of 
ee the ordinary Blue called Archil; which chiefly — 
“me “comes to us from Holland: It is alfo ufed in the 

changing or fixing of Zurnsol;, fo as to make a 
> moft elegant Red from the Sun-Flower: It is 
alfo a principal Ingredient, along with Indigo, 
in making that noble, fixed, and durable Blue, 
very lately difcovered in England, for the ftain- 
ing of Callico; a Colour that firft appears Green, 


* Sce Philofophical Tranfaions, N° 381. 
Betty but 
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but by wafhing with Soap changes, and fixes 
into a lovely Blue. 

65. Certain chemical Preparations from ani- The Spirit 
mal Subjects are likewife empioyed for extract-26 Ui 
ing, changing, or heightening the Colours of va-~“ 
rious Bodies. Thus the alkaline, or volatile, 

Spirit of Urine, Blood, Bones, ec. extracts a 

fine Blue from Copper, changes a green Solution 

of Copper to a Purple, and heightens the Red 

of Cochineal. And doubtlefs the prefent Stock 

of Colours might be confiderably enlarged, or 
improved, by a prudent Choice of a#imal Men- 
firuums. | 

56. By animal Menftruums we mean both 4zimal 
the natural and artificial Kind : The natural are @e2/fru- 
fuch as Blood, Serum, Gall, Urine, Sadiva,*”? gies 
Rennet, Whey, Butter-milk, &c. moft of which ~ 
being properly employed, will either difcharge 

or produce Colours. Thus recent Urine dif- 
charges the common Ink out of Linen; the Sa- 

iva difcharges Red Ink; Butter-milk takes 
Stains and Mildews out of Linen, &c¢. Blood, 

we fee by our prefent Experiment, affords.a 

rich and beautiful Blue; and Gall is a natural 
Yellow ; which may deferve to be treated as 
Blood, in making the Prufian Blue. 

57. Thefe natural animal Menftruums, or4+2artife 
other animal Subftances, being chemically treat-“#" 
ed, may afford a great Variety both of fimple 
and compound Liquors, or new: artificial Men- 

- ftruums, for farther improving the Bufinefs of 
Colours, Dyes, and Stains. ‘Thus, as putrified 
Urine affords an alkaline Spirit, by Dittillation, 
that ferves to produce, alter, or deftroy a great 
Number of Colours ; fo likewife might the Li- 
quors obtained, by Diftillation, from recent, or 
fermented Whey, Butter-milk, &c. And by 
yarioufly compounding thefe feveral Sybftances, 
; Fuh oF 
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or Liquors,'even by random Trials, or chance 
_ Experiments, fome new Difcoveries in Colours 
might be made; as in the prefent Example 
of the Pruffian Blue: Tho’ we have a much 
preater Dependence upon Experiments con- 
ducted in a rational Manner 3 or in the Way of 
an Art, formed upon a competent Knowledge of 
chemical Operations, with their Produétions and 
Effects ; which will enable the Enquirer to rea- 
fon, by Analogy, from one Experiment to an- 
other ; and thus lead, in a fure and guarded 
Manner, to new Inventions and Difcoveries. 
The Expe- 58. Thus, for Inftance, the chemical Opera~ 
ees ek tor having found that common Bones, burnt only 
ta, 
to Blacknefs, afford the Bone-black ; it is eafy 
to transfer the Experiment to Ivory, whereby a 
better Black is produced, And thus, upon find- 
ing that dried Ox-Blocd has fo great an Effect 
in making the Prufian Bule, we are naturally 
led to try the fame Experiment with the Blood 
of different animals ; or other concreted animal 
Juices, as Gall, Feathers, Flefh, Leather, €9c. 
or the entire Bodies of certain Infects, Fifth, 
Birds, &c. And this fhould be done with pro- 
per Diverfifications of the Ingredients, and their 
Proportions; all along carefully noting the feve- 
ral Phenomena and Events ; which will conftant- 
ly afford Light and Inftruction to the Mind, for 
the better regulating and conducting of the 
Enguiry, till ic ends in a full Difcovery. 


EXPERIMENT V. 


The Way of preparing a metalline Colour, from Gold 
and Tin, for tinging Glafs of a beautiful Red. 


59. Diflolve Gold in 4gua Regia, and dilute 
the fine yellow Solution with a large Proportion 
of» 


TT ENOS -Gotoar sh <U TOS nappy 
of fair Water; to the Mixture add, by Degrees, The Ruby” 
a fufficient Quantity of a faturated Solution of {0% 
Tin, made alfo in Agua Regia, and a moft 
beautiful red, or purple-coloured Powder will 
foon fall to the Bottom of the containing Glals. 

Decant the Liquor, and dry the Powder; a 

few. Grains whereof being melted along with 

cryftalline Glafs, will tinge it throughout of 

an extremely fine purple or ruby Colour a). 
60. By Means of this Experiment the ancient 

' Art of Staining Glafs red, long fuppofed to be #; Us, ix 

loft, feems at prefent reftored. All the Colours+se rz of 

are eafily given to Glafs, as we mentioned © 

above 0): But this feems to have been kept as a 

Secret in very few Hands, till lately ; and may 

be confiderably diverfified, fo as to introduce a — 

grateful Variety of beautiful red and purple 

Colours in Glafs c). , 7 | 

61. It fhould alfo feem that the Art of Cal- z c,y,,,. 

lico-Printing, which now wants a Red, equally Printing. 

perfect with the Blue it has lately obtained, 

might hence be furnifhed with fuch a Red; tho’ 

there is Reafon to fufpect it might come out too 

dear for ordinary Ufe. But as the Perfection 

of this Art confifts in difcovering fixed, bright, 

and permanent Colours, not fubject to change 

_ for the worfe in the open Air; fuch Colours 

fhould rather be expeted from mineral or me- 

tallic Marters, than from thofe of the ve- 

getable and animal Kingdoms; which ufually 

afford Subjects of too lax and alterable a Tex- — 

ture for permanent Colours, unlefs they could 

be fome way fubftantially fixed. 
a) See Caffius de Auro, p. 105, ; 
b) See Exp. 17. &15. 

~~ ¢) See Mr. Boyle’s Philofophical Works. 4bridgm. Vol. I. 

P45 7 3459- ; 

_ 62. It 
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Tbeindian 62. It appears highly probable that the T4- 
Colours dians, for making the fine, bright, and durable 
how made. jours wherewith their Callicoes and Chintzes 
are ftained, ufe metalline Solutions; for fome 
ftained Callicoes having been kept for forty or 
fifty Years, the bright Colours have been ob- 
ferved to eat out the Cloth, exactly in the fame 
Manner as the corrofive, acid Spirits, which. 
diffolve Metals, are found to do: Whence, to 
imitate their richeft and nobleft Colours, we are 
directed to ufe proper metalline Solutions, made 
after the Manner of our prefent Experiment.” 
The high? 63. But it would be a farther Step towards 
Improve- Perfection, not only in this Art, but alfo in the 
heed. Art of Painting, to prepare the fineft Colours 
: without employing either acid or alkaline Salts ; 
which ufually fubject Colours to change, or elfe 
aré apt to prey upon the Cloth, or Canvas, as 
we fee in Verdigreafe, the blue and green Cry- 
ftals of Copper, &c. Whence we are directed, 
(1) to fearch for Menftruums that are neither 
acid, alkaline, or faline; (2) for fuch metalline 
Calxes, Precipitates, or Powders, as will not 
lofe their Colours by. being well wafhed, to get 
gut their Salts; (3) to prepare certain metalline 
Matters by Calcination, or the bare Affiftance 
of the Fire; and (4) to look out for native Co- 
Jours, wherein no faline Matter abounds. 
Variation ©4» (1) It may be worth the trying, whether 
andExten-certain Metals are not foluble by Triture, with 
fon of the the pureft Oils employed in Painting, and fuch 
Eee as contain neither acid nor alkaline Salts ; or 
aap whether mere Water, the Whites of Egas, Sali- 
va, Gum-Water, &c. may not, by the fame 
Means, be made todiffolve them, fo as that the 
metalline Particles may be left behind upon Cal- — 
licoes, Cloths, Sc. when the aqueous or mucila- 
ginous Matter js dried, or wafhed away on 
The 
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theni. But no great Effect can be rationally ex- 
pected in fuch Attempts, unlefs the Triture be 
long continued, and Mills, or other well adapt- 
ed Engines, be ufed for the Purpofe: For we 
find, in all Inftances, that Metals muft be redu- 
ced to very fine Particles before they will tinge 
or colour. 

65. (2) The Pigments or Colours obtained 3y Cxy/al- 

by Cryftallization, fuch as the blue and greeh 7 ahen. : 
Vitriols, or Cryftals of Copper, ‘@c. cannot be Difilla. 
deprived of their aqueous or faline Parts by azion. 
dry Air, or by Wafhing, without fuffering ex- 
treme Alterations, or being left in the Form of a 
grofs, terreftrial Matter, differently coloured 
from what they were at firft. Thus the fine 
green Cryftals of Iron, by being expofed to the 
Air, become white; and when well wafhed in 
Water, lofe their Greennefs, and turn .to a 
reddifh or yellow-coloured Ochre, or Earth : 
And if deprived of their faline and aqueous 
Parts, by a ftrong Diftillation, they leave be- 
hind a brown or red Caput mortuum; which being 
wafhed in Water, affords not a green, but a 
dark-coloured Pigment, or Kind of Spanih 
Brown. And as this holds proportionably of 
other Colours obtained by Cryftallization, there 
are little Hopes of procuring durable Pigments 
by that Operation, which fhall be of the fame 
Colours with the Cryftals themfelves; tho’, after 
being well wafhed, different Colours may be 
thus procured. 

66. (3) Metalline and mineral Sianicis are Dry Calcis 
reducible to a confiderable Degree of Subtilty or 74/0. 
Smallnefs of Parts, by Fire, or dry Calcination ; 
fo as to leave them durably poffeffed of their na- 
tive or adventitious Colours. Thus Lapis La- 
zuli, by being calcined, becomes the fine, du- 
fable, rich Blue, called Ultramarine: Light ‘iad 
ge by 


316 


New and 
durable 
mineral 
Pigments 
difcove- 


rable. 


Ores tried 


by the 


LECTURE THE FOURTEENTH. 
by the fame Treatment, becomes a light Red’; 


‘or the moft ufeful Flefh-Colour in Painting. 2) 


Lead, by Calcination, becomes ‘durably ‘red; 


and Jron, durably brown. But a proper Me 
thod feems wanting for the dry Calcination of — 


the nobler Metals, Gold and Silver : Though, 
for the Ufes of Gilding, @c. thefe nobler Me- 
tals are eafily calcined by dipping linen Rags 
into their refpective Solutions; then drying the 
Rags, and fetting y them on Bite: fo as that they 
may burn to Afhes; whereby a dry and fine 
metalline Powder is readily obtained. 


67. (4) Many native mineral Pigments, or — 


durably tinging Subftances, are already difco- 


: 7 P 
+ Se Tees 


ee ne Sa re 


i 


vered, that do not abound with Salts; fuch as — 


Ochre, both yellow and red, Cinnabar, or Ver- 
million, Zaffora, Manganefe, &c. and doubtlefs 
many others might be found in Countries that 


‘are ftored with Mines, or where a proper Search 


is made after new mineral Subftances d). 
68. Our prefent Experiment likewife affords 


an ufeful Method of examining Ores, or difco- ~ 


Gee fveringa {mall Proportion of a metallic Subftance 


Glaf; 


ina large Proportion of Earth, @c. for a Quan- 
tity of pulverized cryftalline Glafs being ready 
at Hand, it is but mixing a little of the Ore, or 
mineral Matter, therewith, and melting them 


‘together; whereby the Glafs will be deeply or 


lightly tinged of a certain Golour, according to 
the Nature and Quantity of the Metal contained 
in the mineral Matter. Thus alittle Silver tins 
ges white Glafs yellow, Copper green,t@c. Putty, 
or a Mixture of calcined Tin and Lead, turns 
it white, oc. tho’ thefe Colours will fomtewliat 
vary, according to the Mixture of the metalline 
Matters with others, the Regulation of the Fire, 


a) See above Exp, II. §. 20. b) See ib, 
| and 
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and other Circumftances: So that a Sett of par- 
ticular Experiments are required, to bring this 
Affair to greater Certainty, and reduce the whole 
to a regular Zad/e. But this Method, if fuffi- 
ciently verified, might be commodioufly ufed, 
when the Quantity of Ore, or mineral Matter, 
is fmall, or contains but a very minute Propor- 
tion of Metal ;’for a little metalline Matter will 
thus tinge a large Proportion of Glats. 


69. The Art of Enamelling in Glafs AlfOT he Art of 
depends upon a prudent Ufe of mineral Pig- Exameé- 


S28 


ments ; or a Mixture of Miniature- Painting and 73+ 


Annealing : For the Method here is, to lay 
the Colours upon Glafs, as the Painter docs 


upon Canvas; and afterwards to foften the 


Glafs, by a proper Degree of Heat, in the An- 
nealing-Furnace, under a Muffle, till the Co- 


lours fink into the Glafs. © And in this Manner _ 


alfo is Glafs frequently coloured, on its more 
fuperficial Parts, without being tinged through- 
out; as we fee in the coloured Glafs of certain 
Church- Windows, and ancient Buildings. 


AXIOMS and CANONS. 


1. The preceding Enquiry fhews, That the 
phyfical Caufe of the Generation, Variation, and 
Deftru€tion of Colours in Bodies, is the diffe- 
rent Refrangibility and Reflexibility of the dif- 
ferent Orders of the Rays of Light). 

2. That Colours therefore are not inherent 
in the Bodies faid to be coloured; but rather 
in the Rays of Light which fall upon them ; and 
are thence reflected to the Eye, fo as to caule 
the Sen/fation of Colour 0). 


a) Exp.J. {. b) Ib. 
| 3. That 


/ 
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3, Chat Colours, fo far as they may be con- 
fidered as in the Bodies faid to be coloured, de- 
pend upon a certain mechanical Texture, or 
Mixture of the {mall Parts of Bodies; which 

_ Texture, or Mixture, being altered, or deftroy- 
ed, the Colours alfo are altered, or abolifhed a), 

4. That Whitenefs in Light is an intimate 
Mixture of the feveral Orders of Rays ; and 
Whitenefs in Bodies, the aétual Reflection of 
their Rays in their natural, mixed, or unfepa- 
rated State 0). 

5. That Darknefs is the Abfence of the 
Rays of Light, and Blacknefs in Bodies, not 
a Colour, but the Want of thofe Rays being re- 
flected from the Surface of the Bodies faid to be 
black; or, in other Words, that Blacknefs is 
produced by the Rays of Light being abforbed, 
ftifled, or drank in, by the Bodies denominated 
black.c}se 

6. That Tran/parency in bodies is their Tranf- 

-mitting the Rays of Light ; and Opacity their 

not Tranimitting, but reflecting thefe rays d). 
7. Uhat common Light is compounded of 
feven different. original orders of Rays; viz. 
Red, Orange, Yellow, Green, Blue, Indigo, 
and Violet; and that according as Bodies reflect 
more or leis of thefe Rays, fuch Bodies appear 
of different fimple or compound Colours e). 

8. That great Alterations of Colours are pro- 
ducible by a bare Alteration of the Arrange- 
ment, Texture, or Mixture of the fmall Parts 
of Bodies ; or by the Interpofition of different 
Parts, upon bare Triture, and fimple Mixture /). 

g. hat vegetable and animal Colours are, in 
general, lefs durable, or more fubject to change, 


a) Exp. J. 11, 8) ib, 6) iby ) ib. e) ib. f) Exp. 
II, JI. 1V.V. 3 
| than. 
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than the mineral Kind; on Account of the loofer, 
or more porous Nature and Texture of the two 
former, and the ftronger and clofer of the lat- 
ter @). 

10. That the Arts of Enamelling, and Imi- 
tating Precious Stones, in Glafs, depend upon 
the Addition of metalline Calves to the Glafs 
of Lead, or pure cryftalline Glafs, in Fufion ; 
and that an infinite Variety of the moft durable 
and beautiful Colours are obtainable by this 
Means 4). \ 

11. That many new Colours may be reafon- 


ably expected from a proper Enquiry into, and. 


a chemical Treatment of, various Subjects of 
_ the vegetable and animal Kingdoms c) ; and that 
there are four principal Ways of obtaining new, 
fixed, or durable mineral and metalline Colours ; 
viz. (1) by difcovering new Menjfiruums; (2) by 
finding fuch metalline Powders as will bear to 
be wafhed from their adhering Salts; (3) by 
properly applying dry Calcination; and (4) 
by enquiring after native mineral Colours that 
are not faline @). 


12. That a great Variety of new and fixed 


Colours may be prepared from Metals, and 
their Menftruums, or certain Mixtures of metal- 
line and mineral Matters, for the farther Ser- 
vice and Improvement of the feveral Arts that 
depend upon Colours, Dyes, and Stains e). 


@) Bap. a1. TUL AV.. Vi. 6) Beep Al. V4) vie, 
WIV, d) Exp. V.  &) #xp. ULL IV. V.- 3 
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CECT UR Pex: 


CONTAINING 


Attempts to alluftrate and ;improve thé 
common Ways of preparing Remedzes. 
1.7 VHE Bufinefs we are now entering upon 

is Pharmacy; a Subject which has 


almolft engrofied Chemiftry to itfelf : Whence ~ 


many underftand by-Chemiftry little more than 
the Preparation of Medicines... This Notion is 
countenanced by the Books of Chemiftry gene- 
rally publifhed which feldom contain more 
than Directions for the Making of Medicines : 
So likewife the Courfes of Chemiftry ufually 
given, turn chiefly upon the Application of Che- 
miftry to Pharmacy. . 

2. That Chemiftry is applicable :to the Jlluz 
{tration and Improvement of many other Arts, 
hath we hope been fhewn in the preceding Lec: 
tures. But as the Application of it to Pharmacy 
is a Thing of Importance to Life and Health ; 
and’as Men generally think that this is the prin- 
cipal Office and Ufe of Chemiftry ; we judge it 
proper to beftow two Lectures upon the Subject: 
In the firft whereof we propofe to confider' the 
prefent State of Pharmacy, with the Means to 
improve it, upon the footing it now ftands ; and 
in the fecond we will endeavour to fhew- how it 
may be reduced to a greater Degree of Simpli- 
city; and thus be brought nearer to Perfection : 
The one we may call the copious, and the 
other the concife Method of Pharmacy. 


3. We 


Cee ee 
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3. We define Pharmaceutical Chemiftry, the Pharma- 
Art of direéting and performing the feveral «ica! 
Procefiés or Ways of Working, whereby natu-°””"/ 
ral Subftances are reducible to ufeful Medicines. 

4. And thus the whole Art confifts of two 
Parts, a Theory, and a Pradiice: The Theory is 
claimed by the Phyfician, and the Practice is 
turned over to the Apothecary. 

5. Moft of the natural Bodies being fome Hifory of 
Way or other employed as Subjects of Pharmacy, Pharmacy. 
the, Materia medica is extremely large, and its 
_ Operations various. Its Materials in the ear- 
lieft Ages indeed were few, and the Ways 
of managing them fimple : Subjects after- 
wards multiplied, Operations increafed, and at 
prefent we feem abundantly ftocked with both 
_ fimple and compound Medicines. 

6. But the Hiftory of Pharmacy may deferve 
to be more particularly traced, in order to fee 
by what Means it arrived at its prefent State, 
and how it may be farther advanced. ; 

7.Difeafes muft have begun very early, ifthe firft 
Inhabitants of the World experienced the fame 
Changes of Seafons, breathed the fame Kind of 
Air, and ufed a like Diet and Regimen of Life 
with ourfelves. But foon after a Difeafe afiicts, 
_the Patient feeks for a Remedy : Whence we 
may reafonably fuppofe that this was the Foun- 
dation of Pharmacy in various Parts of the 
World. i 

8. Experiments being thus multiplied, and 
the Event gradually introducing better Methods 
of preparing the Simples, Pharmacy would be- 
gin to appear in the form of an Art: Yet when 
Hippocrates came to compile a Kind of Syftem of 
Phyfic from the Obfervations of Antiquity, he 
defcribed but few Preparations, and thofe were 
generally fimphe. «~ 

| | Bi g. Suc- 
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g. Succeeding Phyficians enlarged the Materia 
medica: Galen confiderably fwelled the Cata- 
logue, which received many Additions from the » 
Arabians. 

10. And when Learning began to revive in 
Europe, the Materia medica was again enlarged, 
and great Changes wrought upon it by Chemi- 
ftry: Whence Chemiftry at length was general- 
ly received, and acknowledged to be of ufe in 
Pharmacy. | 

11. Both the Galenic and Chemical Part. of 
this Art are now extremely copious. Neceffity 
gave the Occafion; Nature fupplied the Mate- 
rials; and Art and:Obfervation difcovered their 
Preparations, Virtues, and Ufes. 

12. ‘Thus we at prefent feem provided with a 
Competency of ftanding Medicines; and have, 
by Degrees, acquired a Method of prefcribing 
in extemporaneous Forms. 

13. The Art of Pharmacy may be confidered 
as under the Management of Phyficians, Apothe- 
caries, trading Chemifts, and Druggifts. 

14. It is the Office of the Phyfician to direct . 
the Medicines, or give Rules for extracting, 
compounding, and managing the Simples. If 
the Phyfician therefore fhould be defective in 
this Part, let the Apothecary, the trading Che- . 
mift, and the Druggift, be ever fo juft, or ever 
fo knowing, the Art of Pharmacy muft fall fhort 


‘of Perfeétion. 


15.To the Apothecary belongs the Reduction 
of the Materia medica into certain Forms of Me- 
dicines, according to the Direction of the Phy- 
fician. | 
16. But there are two Kinds of Apothecaries, 
vulgarly known by the Names of whole/ale and 
retail Apothecaries. It is the latter alone we 
are here concerned with: Thefe act by Rule, 
. oene- 


Of common Phgsmaes, 


| penerally follow their Standard, and compound 
with Art and Care; tho’ they will fometimes 
fubflitute a guid pro quo, and now and then ven- 
ture to reverfe an Order. In Proportion to their 
Skill and Care they are more or lefs liable to be 
impofed on by the Druggift and the trading 
Chemilt ; all of them ufually felling what they 
buy. But if the Apothecary be often deceived 
by them, how ftands it with the Patient and Phy- 
melons or what is the State of Pharmacy? 

. The retail Apothecari ies, however, deal 
more in Sgbfictution than in Seatitticabians The 
prudent Phyfician therefore prefcribes what is 
ufually kept, and proper to keep, in the Shops, 
or what is otherwife eafily obtainable. If there 
are other Abufes committed in this Part of Phar- 
macy, they may perhaps be chiefly attributed 
to fome Want of Skill or Conduct in the ing 
cian. 

18. The Defign of the trading Chemitts and 
Druggilts is to furnith medicinal Matters to the 
Apothecary, who cannot always detect an art- 
ful Counterfeit, or a dexterous Sophiftication: 
And perhaps many Remedies, well defigned by 
the Phyfician, have failed, or had mifchievous 
satin upon this Account. 

. This is propofed as a fort Intimation 
of se prefent State of Pharmacy in England. If 
the Art be found more perfect in other Nations, 
it may perhaps be chiefly owing to this, That 
their Phyficians are well acquainted not only with 
the Theory, but alfo with the Practice thereof ; 
two Things which fhould never be feparated, as 
being in Reality but one effective T hing confifting 
of two Parts ; VIR, previous Notion, and ie 
ecution. 

20. What ufeful Addition or Reformation the 
Materia medica is capable of receiving, no one 
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at prefent can fay. If a ftriét Enquiry were 
made, perhaps it might be found proper to 
throw out of our prefent Collection a confide- 
rable Number of Materials, to make Room for 
others. of greater Efficacy. But this is no Work 
for private Perfons. Our prefent Bufinefs is to 
fee whether any Improvements may be made in 
the Ways of preparing the common Medicines of 
the Shops. 

21. And for the better regulating of our En- 


Pharmacy. ouiry it may be of fome Service to lay down 


Rules, 


two larger Obfervations ; viz. (1) That the 
Defign of Pharmacy is to feparate from Bodies 
the more medicinal Parts with which they are 
naturally endowed; and, upon Occafion, to mix 
fuch of them together as will beft anfwer the 
curative Intentions. All in the Power of Art 
is only to feparate and mix, or differently modi- 
fy ; itis Nature alone that is able to produce. 
Pharmacy therefore confifts in Analyfis and Syn- 
thefis *. 

22. (2) As itisthe Perfeétion of Art to co- 
py Nature juftly, fo by refolving Bodies into 
their Principles we obtain a general Rule for 
Compofition, and fee the feveral Steps we ought 
to take in it. Nature fhews us that in all 
mixed Bodies there is a Bafis or Sub/tratum; 
fomething to fupport and envelope the other In- 
gredients. Thus natural Salts are the diluted 
with Water; the Oils with both ; and all toge- 
ther compofe one uniform and elegant Whole. 
Lo prefcribe juftly, therefore, we fhould imi- 
tate Nature : If we compound without Re. 
gard to this Rule, the Ingredients will appear 
huddled together, as if it were by Chance; and, 


* See Led, VII. and IX, 
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inftead of preferving and affifting, they will often 
clog, encumber, and deftroy each other. 
23. We now proceed to our Experiments, The Intent 
by which we propofe to illuftrate and improve‘ £*- 
(1) the common Method of diftilling Simple-?”?”/”"* 
Waters ; (2) the common Method of preparing 
Tinctures ; (3) the Method of preparing Sy- 
rups; (4) the Method of making Electuaries ; 
and (5) the Method of making compound Oils, 
Unguents, and Plaifters: Thus propofing to 
touch upon the chief Articles of the prefent 
Galemcal Pharmacy, as itis vulgarly called ; tho’ 
in Reality it be no lefs chemical than the other, 


EXPERIMENT J, 
The beft Way of diftilling Simple-Waters. 


24. Wetook as much dried Mint, cut fall, Simple 
as filled two thirds of our Still; then adding a aters, 
Quantity of Rain-Water fufficient to make the ae ahr 
Plant float commodioufly, yet leaving a fourth’ 
of the Still empty, we digefted a while with a 
gentle Heat; then worked the Still, drawing 
off only fo long as the Water appeared thick 
or milky, and tafted rich and grateful; where- 
by we obtained a Simple Mint-Water in tolerable 
Perfection. 

25. This Experiment, with a few occafional Tée Expe- 
Alterations, may fhew a general Method of ob- 77 ¢*+ 

taining Simple Waters in their greatett Perfec- "4 
tion. The Subjects beft fitted for it are thofe 
of the odorous, aromatic, and oily Kind ; tho’ 
fome others alfo may perhaps communicate par- 
ticular Virtues to the Water: Among the fitteft 
may, however, be reckoned, Angelica, Annifeed, 
Baulm, Calamint, Cinnamon, Cloves, Fennel, Hy- 
LP, Rofemary, Tanfey, Wormwood, &c. but parti- 
| ae cularly 
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cularly Pepper-Mint, which affords an extreme- 
ly aromatic, pungent, and agreeable Water, 
good againft the Cholic, and many other Difor- 
ders of the Stomach and Bowels ; though its 
Ufe is, perhaps; too little known. 

26. lt is a principal Caution, in this Opera- 
tion, to remove the Receiver before the more 
pellucid, acid, faint, and dead Water comes 
over, as it foon will do; and if fuffered to mix © 
among the reft it is apt to fpoil the whole, by 
giving it a vappid or faint Tafte, and fometimes 
a Degree of Acidity, or vitriolic Stypticity, and an 
emetic Quality ; for Part of the eflential Salt of the 
Plant, whichnow begins to rife, ufually corrodes 
the Copper Head of the Still, and carries over 
with it fome Particles of the Metal. Hence thefe 
Waters fhould be diftilled either with a Glafs 
Head, or one of Pewter, or well tinned Copper ; 
or eife the Operation fhould be carefully watched, 
that the fecond| Running may not mix with 
the firft. The greater Care fhould be taken, 
becaufe fome Patients, more particularty Chil- 
dren and thofe of a tender Habit, have fuffered 
thro’ a Neglect herein; and been vomited, pur- 
eed, and griped by the Ute of a Simple Water, 
contrary to the Intention. 

27. The Simple Waters diftilled after the 
Manner of our prefent Experiment may in ma- 
ny Cafes prove too ftrong to be ufed alone; but 
then itis eafy to let them down to the proper 
Strength with common diftilled Water : And 
this is, beyond all Comparifon, better than to 
mix fuch Waters with their own Faints, or Li- 
quor of the fecond Running. | 

28. Two Improvements might be made in 
this Method of obtaining Simple Waters : 
The firft, by means of Cohobation and 
Digeftion; the other, by means of a pre- 

vious 
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vious Fermentation of the Plant. With regard 
to the firft; If the Liquor remaining in the Still 
be exprefied from the Herb, and returned, along 
with all the Water that came over, upon 4 
ian Quantity of the fame Subject, and they be 
"digefted together in a gentle Feat for two Days, 
and then diftilled as before, the Water thus 
obtained will be much richer and’more effica- 
cious than the former: And if the fame Pro- 
~ g@efs be repeated two or three Times, thofe who 
have not tried would fcarce imagine how rich 
a Simple Water may be thus procured. This 
Method we would particularly recommend 
for making the Simple Water of Baulm, Elder- 
Flowers, Rofes, Camomile, and fuch Subjects 
as are but fparingly furnifhed with effential 
Oils; for otherwile they make but indifferent 
Waters. | me 
29. The other Means of improving Simple 
Waters is by ufing a previous, imperiect Fer- 
mentation: This is performed by adding to the 
Plant and Water, put together as in our pre- 
fent Experiment, a tenth or twelfth Part of 
Sugar or Honey, or elfe a fortieth Part of 
Yeaft; then fetting the whole ina warm Place 
to ferment for two or three Days only, fo that 
the Herb may not fall to the Bottom, nor the 
Fermentation be above half finifhed : thewhole 
. being afterwards committed to the Stull, a Water 
may, at one Operation, be obtained extremely 
rich, or impregnated with the full Virtue of the 
Plant. And thus may Simple Waters be made 
fit for long keeping without fpoiling; the {mall 
Proportion of inflammable Spirit generated in 
the Fermentation ferving excellently to preferve 
them. And thefe two Methods feem applicable 
to the Improvement of all thofe Simple Waiters 
commonly found in the Shops. 
: oy 30. We 


928 LeEecTuRE THE FIFTEENTH. 


30. We fhould next proceed to fhew the 
Method 'of perfecting or improving Compound 
Waters, if we had not already endeavoured to 

do it in our Leéfure upon Diftillation by an 
Example in Citron-Water *. 


ExPERIMENT If, 


The beft Way of making light Tindures, and In- 
fufions. . ‘ 


LightTinee 31. We took half an Ounce of the Rind of 

tures pre- Seville Orange fhaved thin, half a Dram of 

pared.  Gentian-Root thin fliced, a Scruple of the 
Tops of Roman Wormwood, half a Dram of 
Cardamums, and half a Dram of Cochineal, 
each of them lightly bruifed : Thefe Ingredients 
we put to fteep for a night in.a Pint of French 
Brandy, and filtered the Liquor the next morn- 


ing. 
Rerelss 32. This Experiment is general, and not per- — 
tion, formed for its own Sake, but to fhew the Method 


of making all Kinds of the lighter and finer Tinc- 
tures and Infufions without Fire, which would 
here prove prejudicial. ‘The Preparation itfelf 
is, however, a good Stomachic Bitter, of the 
fame general Nature with thofe commonly fold 
under the name of Stoughton’s Elixir. The Ex- 
cellence of thefe Preparations depends not more 
upon the Choice and Goodnefs of the Ingredients, 
than upon the Manner of their being infufed ; 
For if fuffered to remain too long in the Men- 
ftruum, or if Heat be ufed in extracting the 
Tincture, the grofs, terreftrial, and naufeous 
Parts of the Ingredients will be fetched out, 
and the Tincture thus be loaded with a heavy 


* See Led, XIII. Ext. V, 
| _ Inert 
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inert Matter, of little Virtue. But if’ the 
Infufion be made in the Cold, and the Liquor 
- ftrained off foon, only the finer and more {piri- 
tuous Parts of the Ingredients will be imbibed 
by the Menftruum ; whence the Preparation will 
not only tafte and {mell more brisk and agree- 
able, but alfo have a much greater Virtue and 
Efficacy. But if, thro’ the Shortnefs of their 
Continuance in Infufion, the Ingredients fhould 
not have fufficiently impregnated the Liquor, 
the beft Method is to pour it again upon 
frefh Ingredients, and again to ftrain it off, 
without letting it ftay too long upon them, or 
applying the Heat of the Pire. And thus, by re- 
peated Affufions of the fame impregnated Men- 
ftruum upon frefh Ingredients, an Infufion or 
Tincture may be obtained, of almoft any De- 
gree of Strength or Richneis, without containing 
the groffer or more inactive Parts of the In- 
gredients, but only what may be called their 
finer Spirit or Quinteffence. And this is no 
inconfiderable Secret both in Chemiftry and 
Pharmacy; and may deferve Regard of thofe 
who defire to procure the full Virtues of the 
Simples, unaltered in their Nature, yet exalted 
or concentrated to fuch a Degree, that a few 
Spoonfuls of the Liquor fhall contain the Spirit 
or Quinteflence of a Pound of a Plant. And 
this isan Effect not to be expected from the Fire, 
which almoft conftantly alters the Nature of 
Things committed to it; nor can a valuable 
Effence of Violets, Jafmin, Lilies, Borage-Flow- 
ers, or any Flower or Plant of an extremely 
fine odoriferous Spirit, be procured by Heat, 
tho’ it readily may by fteeping thefe Flowers in 
cold Water, cold Vinegar, cold Wine, or the 
like; and frequently pouring the Tincture upon 
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frefh Flowers, till the Liquor becomes ftrongly 
impregnated. 

33. Apothecaries ufually commit the fame 
Error in preparing the finer Tinctures, that they 
do in making their Cordial Waters; in both 
Cafes faturating the Liquor with the groffer, 
more ufelefs, and lefs {pirituous Parts of the 
Ingredients ; whence the Cordial Waters of the 
Shops too often abound witha grofs, heavy, dif- 
agreeable Oil; and the Tinctures of the Shops 
witha grofs, heavy Earth, or Kind of bitumi- 
nous Matter, inftead of a brisk, lively, and in- 
vigorating Spirit ; which alone is the Thing re- | 
quired in both Cafes. 

34. This Doctrine of Tinctures and Infufions 
fhould be reduced to Rule for the Improvement 
of Chemiftry, which will never be perfected till 
it can extract, feparate, and concentrate, the 
Virtues of Things unimpaired, or unaltered in 
their Nature. And doubtlefs it would prove a 
very ferviceable Thing in Chemiftry, Medicine, 
and Natural Philofophy, to know the beft and 
eafieft W ays of concentrating the Virtues of Bodies 
unaltered: And this may, in fome Meafure, 
be effected by our prefent Method, and the 
Ule of well a dapted Menftruums: For, in 
general, (1) aquick and cold Infufion extracts 
the Spirit of Vegetables; but along and hot 
one confounds, impairs, or deftroys it. (2) To 
repeat quickly thecold Infufion of a frefh Subject 
in the fame impregnated Menftruum, feems 
greatly to collect and concentrate the Spirit, 
that is, the fintr’ and more effential Part of 
Bodies. (3) The proper Menftruums for this 
Purpofe feem to be fuch as pure Rain-Water, 
Vinegar, Wine, Water mixed with a little fine 
Alcohol, Water and a little Sugar ; and for ' 
certain Ufes, the common atmofpherical Air, 

which 
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which an excellent Menftruum to extra&t the’ 
Spirit or Effluvia of Plants, as we remarkably 
find in fpicy Groves Gardens, and may be _ | ) 
ufed with good Effect. : ae 

35. But to obtain the faturated Tinctures of aaa 
hard, refinous, or gummy Bodies, requires a 
different Treatment, as in the following Ex- 
periment. | | 

36. We took two Ounces of that hard IndianSolution of 
- Rofin called Gum Lac, and reducing it into aGwm Lac. 
fine Powder, made it into a Kind of fff Pafte 
with Oil of Tartar per deliquium; we fet this 
Pafte in an open Glafs to dry by a gentle 
Heat; then removed it to the open Air, that 
it might relent or grow foft,; and after this 
we dried it again as before : By repeating 
the Procefs once or twice the hard Body of the 
Rofin was at length refolved into a purple co- 
loured Liquor ; which being now gently dried, 
and reduced to Powder, afforded an excellent 
Tincture, by being boiled for twoor three Hours 
in a tall Glafs with Alcohol. 

57. This Procefs is almoft general, or may The Expe- 
be advantageoufly ufed for making the Tinctures *#mex? ex- 
of Myrrh, Gum Funiper, Dragons-Blood, Amber tended 
and other hard, gummy Subftances, which will 
{carce otherwife yield a Tindture in Spirit of 
Wine. Any Improvement in the extracting 
Tinétures with Alcohol may tend confiderably 
to improve the Art of Pharmacy; becaufe fuch 
Tin€tures are generally found powerful Medi- 
cines, the Spirit of Wine appearing greatly to 
increafe the Virtue of the Subjects. “Thus, tho’ 
the Tinéture of Amber prepared in this Manner 
appears to be only a bare Solution of the Sub- 

{tance of the Amber, yet it is found to have 

fuch Effects as are no Way equalled by any fine 

Powder of Amber : And what feems igen i 
: able, 
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able, tho’ fo large a Quantity of fixed Alkali be 
ufed in the Preparation of thefe Tindtures, yet 
they give no manifeft Signs of containing an 
Alkali ; which is therefore changed in the Ope- 
ration, either by the Acid naturally contain- 
ed in thefe refinous and gummy Bodies, or by 
being expofed to the Air, or by both. 

38. There are other Methods of extracting 
the Tinctures of thefe hard, gummy Bodies, 
but that delivered appears to be the beft ; tho? 
it might perhaps be fhortened, by ufing fome 
proper intermediate Subftance to divide the 
Particles of the Subject, fo as that the alkaline 
Salt, the Air, ‘and the fpirituous Menftraum 
might all come into fuller contact therewith 
and act more forcibly thereon. And for this 
Purpofe we wouldrecommend pure virgin Earth, 
fuch as is commonly ufed for the making of 
Tefts or Cupels; by Means whereof Spirit of 
Wine will extract a tolerable Tinture from 
Myrrh, without the Addition of any fixed Al- 
kali. | 

39. But when Tinctures not fpirituous, or 
only aqueous Solutions of thefe hard, eumm 
Bodies are required, we recommend the Ufe of 
the foluble Tartar, or Tartarum Tartarizatum ; 
for a Solution of this Salt will readily diffolve 
Myrrh, even in the Cold; as Water diflolves 
Gum-Arabic *. 


EXPERIMENT III. 


The beft Method of making Syrups. 


40. We took three Ounces of the yellow ex- | 
ternal Rind of frefh Oranges, and infufed them 
in a clofe Veffel, with a gentle Heat iz Balneo 


# Sce Le XIII. Exp. V.§. 47. 
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Maria, for fix Hours, along with a Pint and aSyrup of 
half of pure Water; then fuffering the Infufion9747ge 
to cool we filtred the Liquor; and, adding to” | 
it twice its own Weight of hard double-refined 
Sugar, made it into a Syrup, in a clofe Veffel 
fet in Balneo Mariz. | 

41. We could not contrive a general Example wx. 
to fit all Syrups, becaufe they differ greatly in 
Refpect of the Liquors of which they are made; or 
according as thefe Liquors are Infufions, Decoc- 
tions, natural Juices, Wines, or Vinegars. We 
chofe to give an Inftance in a Syrup made of a 
Liquor by the Infufion of an aromatic Subftance, 
whofe Virtue would be almoft intirely loft if 
the Syrup were to be prepared by long Boiling, 
as it is fometimes directed, with lefs than an 
equal Weight of Sugar. Difpenfatory- Writers 
have perhaps no where erred more remarkably 
than in directing the Making of Syrups; which 
feems the more ftrange, becaufe this Part of 
Pharmacy is extremely facile. The Misfortune 
feems to have lain here, that great Men cannot 
fubmit to confider common and ordinary Things: 
neverthelefs the Credit of a Phyfician may fink 
in the Efteem of thofe who by their Employ- 
ment are led to a Knowledge of thefe ordinary 
_ Things. 

42. We judge that the Whole of this Bufinefs 
may be reduced to a few eafy Rules, which we 
fhall here endeavour to lay down for improving 
this Branch of Pharmacy. And (1) It is Mat- Ruées. 
ter of Experience that aqueous Infufions, De- 
coctons, or other aqueous Liquors, require 
twice their own Weight of dry Sugar-Candy 
to make them into a Syrup of a juft Confiftence 
for keeping, without candying or fermenting. 
This Rule, by direéting the Ufe of Sugar-Candy, 
feems to fix the Confiftence of Syrups sanageee 

nef{s ; 
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nefs; becaufe all Salts acquire a determinate 
Proportion of Water in cryftallizing , fo that 
Sugar in the Form of Candy. confifts of one cer- 
tain Proportion of Water, whilft different Kinds 
may hold more or lefs aqueous Matter, accord- 
ing to the Manner of refining, the Accidents 
of Weather, &%c. Hence therefore all fuch 
Infufions for Syrups as are of a delicate or de- 
{truétible Colour, which is impaired by boiling 
(for Example, Violets, Clove July-Flowers, tc.) 
and all fuch Infufions as contain any volatile 
Parts, which would evaporate by a boiling Heat, 
(for Example, thofe of Nutmeg, Cinnamon, 
Orange-Peel, Citron-Peel, €Sc.) fhould have 
twice their own Weight of Sugar added to them, 
and be kept clofe covered in the gentle Heat of 

a Balnenm Maria, till the Sugar is diffolved; 
‘to haften whichthe Sugar fhould befirft reduced 
to fine Powder. 

43. (2) The Decottions of fuch vegetable 
Subftances as lofe no valuable Parts by boiling, 
may be boiled down to the Form of a Syrup 
along with their own Weight of Sugar; the two 
being firft clarified together with Whites of 
Eggs in the ordinary Way: But if the Ingre- 
cients here contain any unctuous or balfamic 
Parts on which their medicinal Virtues depend, 
Jet the Sugar be added from the firft, and boil- 
ed along with the Ingredients ; afterwards 
{training and clarifying the Decoction, before it 
is boiled to near the full Confiftence of a Syrup. 
This Rule is founded upon that remarkable Pro- 
perty which Sugar has to diffolve Oils, or the 
finer refinous Subftances, fo as to make them 
intimately mix with Water. Whence it may 
deferve to be confidered whether the Syrup of 
“Myrtles, Comfrey, and Diacodium fthould not be 
‘thus prepared. It muft alfo be obferved that 
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by boiling the Sugar fo long with the Decoétion 
the aqueous Part exhales, and leaves the Syrup 
much ftronger than it could have been made 
without this boiling. 

44. (3) All vegetable Juices are to be tho- 
roughly purified before they are made into Sy- 
-rups. Thus the Juices of Citrons, Lemons, 
and Oranges are to pafs the Filtre, and then 
be made into Syrups, without boiling, according 
to the firft Rule; obferving to ufe no metalline 
~Veffel about them. But the Juices of Fruits, as 
particularly Mulberries, Rasberries, &c. will 
not clarify without a beginning Fermentation ; 
but by ftanding for a Day or two they will be- 
gin to ferment and liquify, and may then be 
-commodioufly ftrained thro’ Flannel ; after which 
thefe alfo are to be made into Syrups with about 
an eighth Part lefs than twice their own Quantity 
of Sugar, or with two Pounds and twelve Oun- 
ces of Sugar to a Pint of Juice, on account of 
their being fomewhat faccharine themfelves. 
: And this holds alfo of Wines and Vinegars, 
when they come to be made into Syrups; for 
Wine contains an inflammable Spirit which 
does not incorporate with Sugar ; and alfo a 
thick fyrupy Subftance, which is found in 
_ Vinegar likewife. By a due Application of thefe. 
- Rules we apprehend the Bufinefs of making 
Syrups may be brought to tolerable Perfection. 


ExpERIMENT IV. 


The beft Method of making Eleéiuaries, by an Ex- 
ample in the Saffafras-Eleciuary. 


~ 45. We took two Ounces of the beft Saffafras The Saffix- 
newly rafped, and half an Ounce of Cinnamon/’* Elec- 
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finely powdered ; thefe Ingredients we boiled oi Micali 
| a tall 
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a tall Glafs in a Sand-Heat, with ten Ounces 
of Water and fourteen Ounces of Sugar, fo as 
that nothing might evaporate, for two Hours, 
then ftraining and preffing out the Syrup, we 
added to it an Ounce of frefh rafped Saflafras, 
a Dram of Cinnamon, and ten Grains of Nut- 


_ meg, both reduced to fine Powder; and made 


the Whole into an Electuary. 

46. In the common Method of making this 
Electuary the Saffafras and Cinnamon are boil- 
ed in the Water, whereby a great Part of their 
Virtue is loft or not extracted: Whence the 
Medicine comes to be defrauded of its Due. 
But here, by boiling the Ingredients in a tall 
Glafs, with a due Proportion of Sugar and 
Water, to make a Syrup (allowing an extraor- 
dinary Proportion of Water for what the Saf- 
fafras will drink up) we obtain the fine aromatic 
Virtues of the Ingredients to Advantage, with- 
out any confiderable Lofs. 

47. To make Electuarics in Perfection where 
a Syrup is employed as their Bafis, (1) the Sy- 
rup fhould be prepared in the Manner above 
delivered *, fo as that the Virtues of the In- 
gredients may be preferved; (2) the Powders, 
or Species employed, fhould be frefh and fine 
ground; (3) the Gums, where any are ufed, 
mutt be well cleanfed, and diffolved in their 
proper Menftruums ; and (4) the Whole muft 
be mixed, or thoroughly united, into a fmooth, 
uniform Subftance, of a due Confiftence for 
keeping, without either candying or running 
into Fermentation. 

48. (1) Where Syrups are ufed in the mak- 
ing of Electuaries, care is not only required that 
the Virtues of the Ingredients of the Syrups be 


* Exp. Ul. | 
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preferved as much as the Form will allow of, 
but alfo that its Confiftence be not too high ; 
for this would difpofe it to candy in the Eleétu- 
ary, and render the Medicine unduly mixed, 
or knotty; the Sugar concreting together in 
Lumps, or fhooting away from the Species. 
Again 5 If the Syrup be made too thin or aque~ 


ous, fo as not to fufpend and hold the Powders: 


together by a binding Confiftence, it will 
of Neceffity ferment in hot Weather, and be- 
come firft fomewhat vinous, afterwards four or 
acetous, and at length corruptive a); fo as to 
change, invert, or deftroy the Nature of the 
Medicine: For purgative Ingredients, by Fer- 
menting, lofe their purgative Virtues; and all 
other Ingredients, by Corrupting, are reduced 
to an inert Kind of Faces or Caput mortuum, 
very different from the Thingintended 4). And 
hence Electuaries that have thus fermented, or 
changed their Nature, may fometimes prove per- 
nicious, inftead of falutary. 

49. The Electuaries made with the Pulp of 
Fruits are lefs difpofed to keep, for any confi- 
derable Time, perfect, on account of the greater 
_ Tendency which fuch pulpy Subftances have to 
Fermentation and Putrefaction. Thus, tho’ the 
Lemitive Eieciuary were made ever fo artificially, 
it will fcarce keep many Months without altering 
its Nature; but efpecially if the Confiftence was 
originally too thin: Whence fuch Ele¢tuaries 
fhould be made in fmall Quantities, er frefh as 
they come to be wanted. 

50. But this does not equally hold of the ca- 
pital Eletiuaries, fuch as Venice-Treacle, or Mi- 


thridate , which require to lie forfome Time, that - 


the Ingredients may digeft, or ripen, as it were, 


@) See Ledt. X. paffim. b) See Le@. VU. 
Wd and 


o 
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and grow mellow together; for the Gums and 
Spices that enter thefe Compofitions preferve the 


- Medicines from Alterations for the worfe, and 


the Mixture becomes more perfect by Time ; 
provided the Honey ufed in their Compofition 
do not candy, or the Whole become too dry. 
To keep the Honey from candying,fome Artifts 
mix the Spices and Gums with it unclarified ; 
only taking Care to feparate the foul Parts that 
lodge either at the Top or Bottom. And if the 
Medicines prove too dry, itis ufual at any Time 
to foften, or beat them up in a Mortar, with 
Canary: And thus thefe Capitals of the Shops 
are fuppofed to improve by keeping. But Dia/- 
cordium, having few of the warm Gums in its 
Compofition, is more apt to alter, and lofe of 
its aftringent or ftyptic Quality by keeping : For 
which Reafon it feems an Alteration here for the 
better, to ufe a Quantity of Saccharum rofatum in- 
ftead of Honey, orDia/cordium ; as this not only 
gives a greater Compactnefs to the Medicine, 
but alfo contributes to preferve its Colour and 
Virtues. ! 

51. (2) The Powders, or Species, that enter 
the Compofition of Electuaries, fhould be frefh, 
becaufe they lofe.of their Virtue by keeping ; 
and they fhould alfo be fine ground, becaufe 
they would not otherwife intimately mix with 
the Heney or Syrup, nor fo readily part with 
their Virtues in the Stomach, nor render the 
Medicine fo agreeable to the Eye. The common 
Method of reducing thefe Powders toa fufficient 
Degree of Finenefs, by the Mortar and Searce, 
is taulty; becaufe this Method expofes them too 
long to the Action of the open Air ; whereby 
their more volatile and grateful Parts are carried 
off, whilft only the groffer are left behind : 
it might therefore be proper to have a clofe 

7 Engine 
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Engine contrived for the Purpofe, fo as to pre- 
vent this ill Effect. | 

52. Some Artifts grind their Powders for Mmprove- 
Eleétuaries by Means of a Horfe-Mill; but then. 
Mill-Stones here wear off, and communicate a 
gritty or ftony Matter to the Ingredients, fo as 
to prove difagreeable in the Mouth, and fome- 
what increafe the Bulk of the Medicine, with- 
out adding to its Virtues. Nor is this Method, 
by the Mill, free from the Inconvenience of the 
Mortar; for the finer or more {pirituous Parts 
of the Ingredients alfo fly off; as is fenfibly found 
by the whole Neighbourhood where any large | 
Quantity of the Ingredients for Vemice-Treacle, 
Se, is ground by the common Horfe-Mill. 

53. (3) The better Way doubtlefs is, by the 
Means of Iron Rollers, moving oppofite to each 
~ other in a clofe Box, to grind all the Ingredi- 
ents, viz. the purified Gums, the Roots, Herbs, 
Flowers, &¥c. along with the Honey and Wine, 
after the Manner of the new invented Chocolate- 
Engine ; for thus the fine, volatile, and aromatic 
Parts of the Ingredients may, as well as the 
_ groffer, been tangled with the Honey and Gums, 
and all at once be mixed uniformly together in- 
to a fmooth Mafs of a due Confiftence. 

54. (4) But perhaps a much better, though 
more troublefome, Method would be, to get 
-out the full Virtues of the Ingredients, without 
any of their groffer Parts, in the Form of Ex- 
tracts, effential Oils, &¥c. and to mix thefe Oils, 
Extraéts, Gums, Rofins, ce. together, with a 
fuitable Proportion of Honey, &c. fo as at once 
to perfeét and concentrate the Medicine; which 
_ might therefore be given in Dofes of an agree- 
able Smallnefs, with all the Advantages that can 
well be expected. And the fame Method feems 
alfo applicable to the making of Pil/s and Trocbes. 

j bile Exprgi- 
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ExpERIMENT V. 


The beft Methods of making the compound Oils, 
Unguents, Cerates, and Plaifters. 


_ We took twelve Ounces of fine Sailad- 
Oil, half a Pint of Canary-Wine, and half an 
Ounce of Dragons-Blood reduced to fine Pow- 
der, thefe we boiled together, over a gentle 
Fire, till the Wine was exhaled ; and thus ob- 
tained a fine red Oil, or liquid Balfam. (2) To 
one Half of this Oil we added four Ounces of 
yellow Bees-Wax, fix Ounces of Venice Purpen- 
tine, and diffolved them together over the Fire; 
then removing the Veffel into the Cold,we added 
half an Ounce of Balfam Peru; and thus made 
a red Ungent, or better Sort of Lucatellus’s Bal- 
fam. (3) To the other Half of the red Oil we 
added a due Proportion of Wax; fo as when 
cold to give it the Confiftence of a Cerate, or foft 
Plaifter : And (4) By adding more Wax, and a 
Proportion of Rofin, we made the Cerate into 
a Plaifter of a hard Confiftence. 

56. This Experiment at once fhews us 
the Method of preparing the compound Oils, 
Unguents, Cerates, and Plaifters. The making 
of compound Oils, in general, depends upon 
boiling certain Ingredients, as particularly re- 
cent Herbs well bruifed, or elfe their Juices, 
in Oil, till the aqueous Moifture is exhaled (as 
the Wine was in the prefent Experiment) and 
the Plant become almoft crifp ; at which Time 
the Veffel: mult be removed from the Fire, and 
the Oil {queezed from the Herb by Means of a 
Screw- Prefs. 

57. This Oil is now to be fet over the Fire 
again, that its remaining aqueous Moifture may 
exhale, 
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exhale, and the groffer Parts of the Whole fub- 
fide; whereby the Oil will become not only 
more beautiful in Colour, but alfo more durable, 
or keep the better from turning mouldy. If the 
Pan be not removed from the Fire before the 
Herb is grown crifp, the Oil will be in Danger 
of turning black, or being burnt; which both 
fpoils the Colour, and gives a difagreeable 
Odour. If thefe Cautions are duly obferved, 
the common compound Oils, by Decoction, may 
be obtained in their intended Perfection; as Oil 
of Camomile, Elder, Rofes, Earth-Worms, &&c. 
- And after the fame Manner are feveral com- 


pound Ointments made, by boiling Herbs along © 


with Lard, or Suet; as the Ointment of Elder, 
Populeon, Nerve-Ointment, Melilot-Suet, &c. 

68. The red Oil, obtained in the firft Step of 
our prefent Experiment, fhews how liquid com- 
pound Balfams are procurable by diffolving re- 
finous Gums in Oil, over the Fire. And i in 
this Manner a fine Balfam may be made with 
Gum Elemi, and tinged beautifully red with 
Dragons-Blood, or an Infufion of Alkanet-Root 
in Oil. And upon the fame Foundation might 
feveral excellent liquid Balfams be Pig 
for chirurgical Ufes. 

59. Powder of Red Saunders has been com- 
monly ufed, inftead of Dragons-Blood, in the 
making of Lucatellus’s Balfam ; ; but doubtlefs 
Dragons-Blood is much better fuited to the In- 
tention of a Balfamic, a Healer, and Deter- 
gent ; and alfo improves the Colour of the Me- 
dicine ; Tho’ Red Saunders may be made to give 

a very good red Colour to the Balfam, by infu- 

' fing the Powder cold for two or three Days in 
White Wine; which opens the Body thereof, 
exalts the Colour, and renders it communicable 
with Advantage to the unctuous Ingredients, 
£43 But 
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But this End may be more expeditioufly anfwered 
by infufing a little Alkanet-Root in the Oil. 

60. The Confiftence of an Unguent is given 
either by ufing animal Fats, as Lard and Suet, 
or by the Addition of Wax, Rofin, Pitch, dry 
Powders, metalline Calces, &c. and by adding 
a fmaller or larger Proportion of thefe folid or 
dry Ingredients, we obtain the Confiftence of a 
Cerate, or tlaifter, refpectively. When hard 
animal Fats are ufed, the Procefs differs not 
from that for making the compound Oils*; and 
where Wax, Rofin, &c. are employed, the Ma- 
nagement is the fame as in the prefent Experi- 
ment, where the Confiftence of the Oil is thick- 
ened into that of a Balfam by Wax. 

61. When dry Powders, or metalline Cals, 
are ufed in the making of Ointments, the Pow- 
ders fhould be frefh and fine ground, and the 
metalline Calces made more fubtile by Triture ; 
after which the Whole may be mixed fmooth to- 
gether, or beat up in a Mortar: And thus the 
Unguentum album, Deficcativum rubrum, Diapom- 
pho'ygos, &c. are readily prepared. 

62. The Plaifters made with metalline Calces, 
fuch as Diachylon, and de Minio, require no Wax 
or Rofin to give them an emplaftic Confiftence 5 
the bare Solution of the metalline Calces, or the. 
Litharge, and Red Lead, by boiling inthe Oil, 
being fufficient for the Purpofe. Thus, if half 
a Pound of Red Lead, half a Pint of Vinegar 
or Water, and twelve Ounces of Oil, be boiled 
together over a gentle Fire, with continual Stir- 
ring, till the aqueous Moifture be confumed, 
and the Red Lead entirely diffolved ; the Mat- 
ter, when cold, will be of a hard, emplaftic 
Confiftence, and differently coloured, or red, 


# See above §. 55. 
brown, 
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brown, or black, according as it was more or 
lefs boiled. ) Wai 

63. In the making of Plaifters with metalline 
Powders and Oils, it is always proper to add 
‘Water or other aqueous Liquor, to keep the 
Mixture from burning, or turning black, before 
the due Confiftence is gained, or the requifite 
Diffolution made. But here great Care muft be 
had, not to throw in cold Water, if that added 
at firft be exhaled before the Operation is finifh- 
ed; for this would be dangerous, by caufing the 
Matter to crackle, fly about, and boil over with 
great Violence: But if the Water be added in 
the State of boiling, it occafions no Tumult; and 
may be thus ufed with Safety. 

64. When aromatic Species, native Balfams, 
or effential Oils, are ordered in Unguents or 
Plaifters, Care muft be taken to add fuch Ingre- 
dients towards the End of the Operation, when 
the Veflel is removed from the Fire; becaufe 
the Heat of boiling Oil, &e. would caufe the 
fine aromatic or odoriferous Parts of the Ingre- 
dients to exhale, and be loft to the Unguent or 
Plaifter. The fame Caution fhould be likewile 
extended to the Cantharides ufed in the Pajfia 
epi[poftica, &c. and to other Bodies of a delicate 
Texture, whofe more efficacious Parts are ex- 
haled by Heat. And by the due Obfervation of 
thefe few Rules and Cautions, the common com- 
pound Oils, Unguents, Cerates, and Plaifters, 
may be made in confiderable Perfection. 


AXIOMS and CANONS. 


. We learn from the preceding Enquiry, 
That fome Part of the Salts of Plants, as well 
as their Oils, will rife by Diftillation with Wa- 
ter, and give an acid or alkaline Nature to the 

ZL 4 fimple 
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fimple Waters thus prepared, according to the 
Nature of the Planta). , 

2. That no Simple Waters fhould be diftilled 
fo low, as to bring over any remarkable acid 
or alkaline Liquor from the Plant; for fear of 
mifchievous Effects, or making fuch Waters 
prove emetic or purgative, contrary to the In- 
tention 0). 

3. That the Virtues of Simple Waters chiefly 
depend upon their containing the effential Oil 
of the Plant c). ) | 

4. That there are two Methods of perfecting 
Simple Waters; viz. Cohobation, and Fermen- 
tation @). | | 

5. That all Tinctures and Infufions of In- 
gredients, whofe principal Virtues depend upon 
their lighter, or more, fubtile and fpirituous, 
Parts, fhould not be made with Heat, but in 
the Cold e). + 

6. That if fuch Tinctures or Infufions be 
required rich and ftrong, they are to be made 
fo, not by fuffering the Menftruum to remain 
long upon the Ingredients, or by the Ufe of 
Heat ; but by adding frefh Ingredients feveral] 
Timesto the fame Liquor ; infufing them quick , 
and each Time keeping out the Ingredients that 
have once been ufed f), | . 

_ 4, That the Fire is apt to exhale, alter, or 
confume the more fubtile and {pirituous Parts 
of Vegetables ; and therefore unfit to be ufed 
where thefe more delicate Parts are required g). 

8. Thatthe Bufinefs of Infufions and Tinc- 
tures may be greatly improved by extracting 
the efficacious, or more fpirituous Parts of Ve- 
getables, unaltered in their Nature; yet con- 


a) Exp... 6) ib. cpibe dd) ib. ee) Exp. UI. 
f) ib. g) ib, 
| centrated, 
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centrated, or brought together into a moderate 


compals. 

- g. That rich Tinctures may be extracted, 
with Spirit of Wine, from the hardeft refinous 
and gummy Bodies hitherto known, by Means 
of fixed Alkali properly applied a).: 

10. That even aqueous Solutions may be 
made of the fame Kind of Bodies, by Means of 
the Tartarum tartarizatum, or foluble Tartar 4). 

it. That the Ways in common Ufe for the 
making of Syrups, Electuaries, compound Oils, 
and Plaifters, are improveable by the Obfervance 
of a few eafy Rules c). 

12. That, therefore, there are grounds to 
expect fome Improvement of the common Phar- 
macy, upon the footing it now ftands, barely 
by perfecting the Methods of preparing the 
Shop-Medicines in Ufe, without either retrench- 
ing their Number, or introducing new ones; that 
is, by reducing the Art to a greater Simplicity. 


a) Exp. If. 4) ib, c) Exp. UI IV. V. 
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CONTAINING 


Attempts for reducing PHARMACY fo @ 
greater degree of Simplicity and Efficacy. 


The Sub- FE, now proceed to confider how Phar- 

jed, macy may be reduced to Simplicity ; 
which in Arts appears to include Perfeétion. 

The Sim- 2. The Simplicity of Pharmacy feems to con- 

phcity of fift in fupplying a few powerful, parable, fafe, 

Pbarma9 and agreeable Medicines, for the Cure of Dif- 

eafes. 

The Fate 3. Uhofe verfed in the Hiftory of Phyfic ob- 

of Medi-  ferve that Remedies have their Run, or Revo- 

ces. lutions of Fate and Fortune; many of them 

being highly efteemed or magnified for a Sea- 

fon, and.afterwards thrown afide and negleéted. 

4. Not to mention the Medicines celebrated 

by the Ancients, there are Numbers of others 

which have had their Revolutions almoft within 

our own Memory. The Elixir Proprietatis of 

Paracelfus, the Liquid Laudanum of Helmont, the 

Sal volatile oleofum of Sylvius, the Aperitive Tinc- 

ture of Mabius *, the Antibeic of Poterius, the 

Aqua benedifia, or Vinum emeticum, of Rulandus, 

the Bezoardic Powder of Sennertus, Cerufe of An- 

timony, and many more, have been extrava- 


* That is, Spirit of common Salt neutralized with Salt of 
Tartar, and tinged with Red Rofes. 
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gantly valued in their Time; but are now funk 
in the Efteem of Phyficians. And thus perhaps 
our prefent Opiates, our Salt of Vipers, our 
Pearls, our Bezoar, our Aurum fulminans, &c. 
may lofe their Credit hereafter, or give Way to 
others of no greater Efficacy. ! 

5. If we enquire into the Caufe of this Infta-Cax/ of 
bility in Pharmacy, it does not appear owing-“?#* /27e. 
to the Medicines themfelves, but rather to the 
Inattention, Levity, and Rafhnefs of Men: In- 
attention, in not fufficiently regarding and dif- 
tinguifhing between the Kinds and Differences 
of Diftempers and Conftitutions; Levity, in 
prefently changing one Medicine for another; 
if the expected Effect is not foon procured ; and 
Rafhnefs, in ufing fuch Medicines as come re- 
commended by’ incompetent Judges, or unfair. 
Reprefenters. - | 

6. Ifthe Caufe were owing to any Changes in 
the Medicines themfelves, we could have little 
Hopes of redrefiing the Evil; but as itis owing 
to ourfelves, we are hence encouraged to look 
out for a Remedy. } 

7. The Art of forming a found Judgment Of Regula 
the Succefs and Virtues of Medicines is fo little sion. 
known, that the Mind ufually fluctuates therein, 
as being deftitute of a fecure Foundation; and 
confequently is led by Rumour, Opinion, and 
Example, inftead of the true Light arifing from 
careful Obfervation,and well digefted Experience. 
Whence it frequently happens that unlucky 
Events are attributed to ufeful Medicines; whilft 
fuch Events were really owing to fome other 
Caufe. _ 

8. This Inattention is fucceeded by Levity and 
- Rafhnefs: For when a Medicine thus fails to 
anfwer the Expectation conceived of it,it is ufual 
to reject it with Contempt, and si i ‘to 

eize 
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feize, in its Stead, the firft new one that comes 
ftrongly and vehemently recommended ; which 
again, after Trial, is frequently rejected in the 
fame Manner as the former. And thus the Lives 
of Phyficians are often fpent in flying from one 
Medicine to another, without fixing upon thofe 
that are ftable, or fuch whofe Virtues are duly 
determined and afcertained. 

g. This perverfe Temper or ill Habit of the 

Mind muft therefore be cured; or elfe Phyfi- 
cians will continue to fluctuate, and never bring 
Pharmacy to a State of Perfection. 
_ 10. The Way of rectifying this ill Habit, we 
apprehend, is to acquire a Competency of found 
and fundamental medicinal Knowledge, by keep- 
ing {teady to the Ufe of a few fimple Medicines ; 
which are eafily prepared, no way hazardous, 
and yet powerful in their Effects: And to fhew 
the Way of procuring a few fuch Medicines, is 
the Defign of our prefent Lecture. 

11. We judge that all Medicines are commo- 
dioufly reducible to four general Claffes 5 viz. 
Evacuants, Alterants, Strengtheners, and Quieters : 
For as all the Caufes of Difeafes muft regard 
either Quantity, Quality, or Motion, the Medi- 
cines adapted to thefe Caufes will be either Eva- 
cuants, Alterants, Augmenters, or Appeafers of 
Motion in the Body. 

12. It muft, however, be obferved, that un- 
der each of thefe general Tribes of Medicines 
there are fome better adapted than others to the 
Difeafes of particular Parts. Thus it is Matter 
of Obfervation, that Mercury particularly affects 
the falival Glands, Cantharides the Bladder, 
sc. all which Remedies are to be collected, as 
fo many particular Inftances, under our refpec- 
tive general Heads of Medicines. And by duly 
proceeding in this Manner, it fhould feem that 
; we 
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we might eafily fix upon a fmall Collection of 
_ Remedies, able, with a proper Regimen, to 
cure the ordinary Difeafes. 

13. At leaft, by throwing out of our prefent 
Collection fuch as are certainly found to be of 
fall Efficacy, or certainly dangerous, we might 
greatly retrench the prefent Set of Officinals, and 
bring the more ferviceable of them within the 
Compafs of a portable Cheft. And withthis View 
we fhall endeavour to point out fome of the 
more efficacious, parable, fafe, and agreeable 
FEvacuants, Alterants, Strenetheners, and Qui- 
eters; all along fixing a Mark upon thofe which 
we take to be either unfafe or infignificant. 

14. Our firft Experiment will fhew a Method 
of procuring a fafe Emetic; the fecond will thew 
how to prepare a fafe Purgative ; the third how 
to prepare a fafe Perfpirative; the fourth how 
to prepare a fafe Alterant; the fifth how to 
prepare an innocent Strengthener ; and the fixth 
how to obtain a powerful Quieter, or Anodyne. 


ExPERIMENT J, 


An eafy and fimple Method of obtaining a fafe and 
2 gentile Emetic. 


15. Two Drams of the common white Ipeca-_4, Emeric 
cuanha being reduced to fine Powder, and infu- prepared. 
fed for two or three Days in half a Pint of white 
Lisbon Wine, in the Cold; if the clear Liquor 
be decanted, frefh Wine may be added to the 
remaining Powder, fo as to extraét all the Vir- 
tue, which it will thus yield to Wine in the Cold. 

. 16. This Infufion of Ipecacuanha in Wine ap- Ue. 
pears to be the moft fafe, gentle, and agreeable. 
Emetic hitherto known: Whence it may in moft 
Cafes be properly fubftituted for the Vinum bene- 
ditium 
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diéium, the Tartarum emeticum, and the other an« 
timonial Emetics ; which are all attended with 
fome Degree of Virulency and Uncertainty in 
their Operation. 

Ipecacuan. 17+ The Ipecacuanha Root, upon a proper 

baanaljjed Analyfis by Means of Water and Spirit of 
Wine, is found to contain a direét faline and 
refinous Part, whereof the faline is the Jarger ; 
whence .even an aqueous Infufion of the Root 
will largely extract its Virtues: So that a ftrong 
White Wine feems a Menftruum well adapted 
to the Extraction both of its faline and refinous 
Parts, on account of the large Proportion of 
Water,. and a lefs of inflammable Spirit, that 
it contains. Add to this, that Emetics, as well 
as Purgatives, are found to act the freer, eafier, 
and quicker, when joined with Wine, or other 
ttrenothening fpirituous Vehicle. However, af- 
ter both Water and Spirit of Wine have fuccef- 
fively acted upon this Powder, it ftill retains 
fome Virtue; fo that its Power is greateft when 
given in Subftance : Whence our prefent Me- 
thod of extracting a Tincture from it with Wine 
only abates its Violence, and, in fome Mea- 
fure, moderates its Operation; fo as to fit it for 
weak Conftitutions, or render@it almoft univer- 
fally fafe. 

Not impro- 18. This Root may, therefore, pafs for one 

ved by of thofe Simples which are little or nothing im- 

mice proved by a. chemical Treatment, Nature fupply- 
ing it almoft ready prepared to our Hands, fo as 
to require no more than drying and Reduétion 
to Powder, at moft no more than a bare Infu- 
fion in Wine, to render it a fafe Emetic. 

Farther’ 19+ Now, being once poffeffed of fuch an 

Ufes. E’metic as this, which feems to include the Ex- 

cellencies of all thofe of the fame Tribe, it is 
doubtlefs proper to practife the Method of Rejec- 
, tion 


ous; and therefore not to be trufted, when fafer 
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gion upon the reft; or at leaft to examine whe- 
ther any of them deferve to be retained and 
kept in the Shops. 

20. We obferved above *, that the common Po:finous 
antimonial Emetics, of which there is a great Emetics. 
Variety, are virulent, or in fome Degree poifon- 


can be procured to anfwer the End. ’Tis true, 
fome Practitioners have ventured to give Arfenic 
itfelf, in the Quantity of a few Grains, as’ an 
Emetic; and thus it fometimes operates violent. . 
ly, after the Manner of the emetic Preparations 
of Antimony, which are nearly allied thereto. 
But as we certainly know, by many fatal Inftan- 
ces, that Arfenic is a’ virkilene Poifon, even in 
a {mall Dofe; it may feem a Kind of Madnefs 
to ufe it as an E;metic, when Ipecacuanha is at 
Hand. - And the fame is to be underitood, tho’ 
in a lefs Degree, of the Mercurius Vite, Glafs of 
Antimony, Antimonial Cups, the Perpetual Pills, 
the Sulphurs of Antimony, and indeed all other 
draftic Emetics; which have a direct virulent 
Virtue, and, if given in too large a Dofe, pro- 
duce poifonous Effects. And here we do not 
except emetic Tartar itlelf; which, unlefs pru- 
dently diluted wich Wine or fome Cord ial Wa- 
ter, is apt to prove not only uncertain and chur- 
lith in its: Operation, but fometimes virulent or 
poifonous ; efpecially when exhibited in a dry 
Form, as in that of Pills, Powder, or Bolus: 
For all antimonial or other niollines Emetics, 
coming in a dry Form into the Stomach, feem 
to lodge in its membranous Coats, and ftrmulate 
and correde them; fo as to occafion Spafms, 
Convulfions, &¢, after the Manner of Poifons. 


a, ras 8 
a1, And 
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Regula- 21. And tho’ Solutions of Vitriol, Verdi- 

tion. — greafe, and various Preparations of Copper, 

| have been, and ftill continue to be, ufed as 
Emetics, and generally operate quick ; yet we can- 
not judge fuch Preparations fafe, or any way 
comparable to Ipecacuanha for Safety. And 
even thefe cupreous Emetics, when given in ~a— 
large Dofe, have a corrofive Effect. upon the 
membranous Parts of the Stomach; {fo as to 
prove, in a lefs Degree, poifonous. And thus, 
if the whole Tribe of Emetics were carefully ex- 
amined, and their Effects noted from compe- 
tent Experience, we judge they would moft of 
them be found unfate or dangerous; and con- 
fequently deferve to be banifhed the Shops, as 
Emetics, whilft their Place may be fo well fup- 
plied by Ipecacuanha. And this Method of Exa- 
mination and Rejection being duly practifed, 
might, as we apprehend, thin our Shops, and 
reduce the Bulk of our Pharmacopoeias, to the 
great Advantage of Pharmacy and Medicine. 


ExpERIMENT II. 


An eafy Method of procuring a fafe and effedtual 
Purgative. : 


ACathar- 22, If ina Quart of Dulwieh-Water we dif- 
ace folve an Ounce of fine Manna, and half an 
: Ounce of black Tamarinds, then ftrain off the 
Liquor clear, we fhall obtain an agreeable pur- 
ging Pcifan, or cathartic Liquor, in a Dofe iuf- 
ficient for a full-grown Perifon of an ordinary 
Conttitution ; the Whole being drank at feveral 
Draughts, in the Space of about an Hour and 

half, or two Hours. 
23. It appears to be Matter of Obfervation, 
that the common purging mineral Waters operate 
with 
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with more Eale, Gentlenefs, and Safety, than Te mid 
-almoft any Cathartics of the Shops; and onbpeer ate 
require to be concentrated by boiling, or quick-? ere 
ened, in fome Cafes, to prevent the Trouble of 
taking two or three Quarts for a Dofe. Our pre- 
fent Experiment, therefore, fhews the Method of 
quickening thefe Waters, by the Addition of 
innocent Purgatives; fuch as are Mavna, Tama. 
rinds, Epfom-Salt, Tartarum tartarizatum, Tar- 
tarum vitriolatum, &c. | | 

24. The Shops and common Di!penfatories rhe ajotend 
abound with purgative Medicines, many of ts de re- 
them draftic, or violent, and fome of them vi+Jéed: 
rulent, or almoft poifonous 5; of which Kinds we 
reckon Rofin of falap, Elaterium, Scammony, Gam- 
boge, Celoquintida, Afarum, &c. all which are of 
a cauftic Nature, when given crude and alone, 
fo as to prove mortal in a large Dofe : Whence 
we apprehend: that the crude and feparate Ule 
of all fuch Purgatives fhould be banifhed; efpe- 
cially as there are numerous Inftances of their 
deleterious and poifonous Effects, and as we are 
abundantly provided of fafer and more gentle 
Kinds ; for Example, Rbubarb, Manna, Tama- 
rinds, Caffia, Cremor Tartari, Epfom-Salt ; and 
particularly the purging mineral Waters. Or if oy pendeps 
the Ufe of the more violent purging Simples be ed milder. 
- ftill retained, let them at leaft be boiled in Wa- 
ter; which is a certain way of rendering them 
milder, and difcharging a great Part of their 
Malignity. And for the purgative Rofins, par- 
ticularly thofe of Jalap apd Scammony, we 
would recommend them Moe ground fine, and 
beat into a Pafte, with twice or thrice. their 
Quantity of blanched Almonds; which, by their 
oily Matter, diffolve the Texture of thele Ro- 
fins, and render them more fate and innocent *, 


* See below Exp. III. 
Aa 25. But 
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25. But we do not apprehend that the Art of 
Medicine has any Oceafion for thofe violent Pur- 
gatives. Certainly violent Purgatives are feldom 
proper, and generally prejudicial. If the ftronger 
be ever required, we would, inftead of the for- 
mer virulent Kind, recommend the fimple Pow- 
der of Jalap-Root; which is found to operate 
much more mildly, and with greater Certainty 
and Effeét, than its Rofin, Tincture, or other 
chemical Preparations of the Root; which is 
alfo the Cafe of Mechoacan and Rbubard. 

26. We defire it may be remembered, that 
the deleterious or poifonous Nature of the vio- 
lent Purgatives above mentioned is much greater 
in the Body than that of the poifonous Emetics 3; 
doubtlefs becaufe fome Part of thefe Emetics 1s 
foon thrown up again by the Stomach ; whereas — 
the Purgatives defcend to the Inteftines, and 
mix with the Juices of the Body: Whence we 
have a ftronger Reafon for rejecting the Ule of 
thefe virulent Purgatives, than the Ufe of the 
virulent Emetics. 

Regula- 27. And thus we conceive the Matter of Pur- 

tion. gatives may be reduced to a tolerable Degree of 
Simplicity ; yet fo as to leave Variety enough for ~ 
fuiting the different Difeafes and Conftitutions . 
where Purging is required. The Nature of our 
Defign will only permit us to indicate, as we go — 
along, the Heads of this general Enquiry into » 
the Means of reducing Pharmacy to an elegant 
and ufeful Simplicity; the Introduction whereof 


is not to be expectedfrom private Hands. 


ExPERI- 


funple Pharmacy. naga B 


EXPERIMENT III. 


A facile and fimple Method of preparing a fafe and 
effectual Sudorific. 


28..If an Ounce of refined Camphire be beat, 4 Sudoris 
and ground, in a Marble Mortar, with twofe prepa- 
Ounces of blanched Almonds; the Camphire”* 
will be thus: fubtilly divided, and brought into’ 
an uniform Mafs, fit for the forming of Pills, 
Bolufes, @&c. fo as to be commodioufly taken’ 
in the Way of a Sudorific, Difcutient, or Per- 
{pirative Remedy ; the Dofe whereof may be 
affigned betwixt the Limits of three Grains and 
forty. | | 

29. Sudorific, Perfpirative, and Alexiphar-Ugs, 
mic Medicines, make a large Part of the com- 
mon D:fpenfatories: We judge that their Piaces 
may. be advantageoufly fupplied by a few power- 
ful ones of approved Virtues; among which we 
efteem this of Camphire as a principal one, or 
at leaft fuperior to Ga/coign’s Powder, Lapis Con- 
trayerve, Bezoar, 8c. whole Virtues at beft ap-_ 
pear to be {mall. ; 

30. Weare fenfible that the Qualities of Cam= 
phire are not univerfally agreed on by Phyficians ; 
fome efteeming it hot, and others cold; tome of 
great,and othersof little Efficacy. However,the Cafe 
is not to be decided by Authorities, bat Expe- 
rience ; which feems to declare that Camphire 
is one of the moft powerful, moft immediate, 
and moft innocent Perfpiratives, Sudoritics, and 
Alexipharmics hitherto known : For a large Dofe 
of it, fuppofe a Scruple or more, being diffolved 
in Spirit of Wine, and giventoa healthy Perion, 
does not increafe the Pulfe, or excite a preeter- 
natural. Heat'; but rather caufes a remarkable 

Rea <2 Coolnefs . 
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Coolnefs and Compofure, with a gentle Sweating, 
or Increafe of Perfpiration. So ‘little have the 
Virtues of this. Medicine been underitood; or 
fo little can the Virtues of Medicines be dedu- 
ced frem their apparent Properties, or from rea- 
foning a priori ! | 

31. The natural and medicinal Hittory of this 
Drug well deferves to be traced: It appears to: 
be an effential Oil, of peculiar Properties ; tho” 
fome would have it a Rofin, and others a Gum. 
Certainly it ftands alone, as a Thing {uz generis ; 
or a Body wherein the Nature of Rofins, Gums, 


and effential Oils, all meet in fome Degree. It 


is perhaps one of the moft difcutient and fubtile 
Remedies hitherto difcovered: Whence it proves 
highly anodyne, perfpirative, and prefervatory. 
And we judge, from certain Obfervations and 
Experiments, that if the full Virtues of this Con- 
crete, both internal and external, were fufh- 
ciently known, it might fupply the Place of nu- 
merous other Drugs and Preparations, to the 
Eafe and Advantage of Pharmacy. 

32. In particular, we would recommend this 
Medicine to be ufed inftead of the common fu- 


’ dorific Decoétions of the Woods, in Cafes both 


of the recent and: inveterate Lues Venerea: It 
may alfo be advantageoufly mixed along with 
the Balfams, or fine Turpentines, commonly: 
ufed at the clofe of that Diftemper. In fhort, 
we recommend it in all inflammatory, putrid, 
peftilential, and even maniacal, Difeafes. And 
whoever has the Secret of prudently joining this: 
fimple Medicine along with Nitre, may, as we: 
apprehend, perform Cures Icarce to be expected 
from other Medicines frequently. ufed for the 
fame Purpofes.. 


ExpeERiI- 
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EXPERIMENT IV. 


An eafy and fimple Method of procuring a fafe and 
powerful Alterant. 


33. If an Ounce of well purified Nitre, 4, ster - 
and two Scruples of Cochineal in Powder, be aut from 
boiled in five or fix Ounces of Water; and the Nur, 
Solution be filtred, and afterwards evaporated 
to Drinefs, keeping the Matter ftirring as it 
thickens; a fine red or purple Powder will be 
left behind ; that is, the Nitre will be thus dif- 
guiled, aud reduced to a Form fit for taking in 
the Way of Bolus, Powder, or Solution, with any 
convenient Vehicle. : ; 

34. Nitre thus prepared, in order to conceal us, 
fo commona TRing, we judge to be an extremely 
fafe and ufeful Alterant, capable of produ- 
cing confiderable Effets in the Body, without 
caufing any difturbance, or fenfible Evacuation, 
unlefs in the Way of a Diuretic ; in which 
Refpect it operates as an Evacuant. 

- , 35. It is remarkable of Nitre, that it may 7jpsyes, 

with Safety be injected into the Blood. Mat- 
_ pighi injected fix Ounces of its Solution into the 
jugular Vein of a Dog, without oblerving any 
other Effect than its proving diuretic. Ie is far- 
ther obfervable of it that-ic heightens the florid 
Colour of extravafated Blood, and excellently 
preferves it from Putrefaction 5 yet does not l- 
quify frefh and warm Blood, as has been ima- 
gined, but fomewhat thickens it, almoft in the 
Manner of a Mucilage: Which may give us the. 
~ phyfical Reafon of many of its Effects in the Body; 
as particularly its allaying Inflammations and 
Fevers, its ftopping Hamorrhages, curing the 
Spitting of Blood, We. | 

ft a2 36, If 
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36. If the medicinal Virtues of this fimple 
Medicine were.to be enumerated, as they ftand 
confirined by competent Experience, perhaps 
they would prove more numerous than thofe of 
almoft any Medicine hitherto known. It has 
been found ferviceable in the Stone, and Stop- 
pages of Urine; in Deliriums, in malignant 
Fevers, in Dhiarrhoeas attending the confluent 
Small Pox, &c. fo as to prove a Kind of general 
Remedy. And as all thefe Excellencies of the 
Medicine are joined with that defirable Property 
of being innocent, or fcarce any Way prejudicial 


tothe Body, it may feem ftrange that it fhould 


be fo little ufed, or that Medicines no Way com- 
parable to it fhould be preferred before it. 
34. Poflibly the mixing of Nitre with other 


atfesleemed Medicines may have eccafioned its Virtues to be 
ef 


lefs known, or obferved ; perhaps that Humour 
of changing Medicines, almoft every Day, may 
not have given it the Opportunity of fhewing it- 
felf; but chiefly that ftrange Method of jum- 
bling many Simples together in one Medicine, 
feems to have prevented the due noting of the 
Effects of this and other imple Remedies. We, 
therefore, with that the Medicinal Hiftory of Nitre 
were drawn up, with Care and Judgment ; as 
being perfuaded, that both Pharmacy and Me- 
dicine might, by means thereof, be brought much 
nearer to Simplicity and Perfection than they 
are at prefent. 


EXPERIMENT V. 


An artificial Method of preparing a penne ful and 
innocent Strengthener. 


38. We put half a Pound of the beft Peruviay 
Bark, reduced to fine Powder, into a proper 
Glafs, and poured upon it two Quarts of Spirit 

of 
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of Wine; then fhaking them well together, fet 4x ¢/en- 
them to digelt i in a Sand-heat for two or three ‘##/ Ex- 
Days, till the Spirit of Wine appeared of tie i. 
deep red Colour, inclining to Purple. We sa 
now ftrained the TinSture through a clofe 
Linen, and committed the Feces at laft to the 
Prefs, Then returning the Preffings, or re- 
maining Powder, into the fame Glafs, we pour- 
ed thereto two Quarts of ftrong White Wine, : 
and again fet the Matter to digeft for two or 
three Days; then ftrained as before. After this 
we put the two Liquors into a Glafs-Body, and 
diftilled off a large Part of the Spirit of Wine 5 
then evaporated the Remainder in a glazed Vel- 
fel, taking Care to keep the Matter ftirring, and 
: wathing down, with fome of the Spirit of Wine, 
the refinous Parts that adhered to the Sides of 
the Veffel. When the Matter began to grow 
thick, we added to it three Ounces “of the S Syrup . 
of Orange-Peel; and thus brought the Whole to 
the Confiftence of an Extract, 

: This Method of extracting the. Virtues of 4. ryfory 
the tee is. the Invention of M. Charas ; who ex- 
perienced its Succefs in a large Practice for fifteen 
Years, wherein he never found it fail him, for 
the Cure of all Sorts of Intermittents. We have 
ourfelves alfo had a competent Experience of its 
Succefs; and found it anfwer better than any 
other Preparation of the Bark we have feen : 
Whence we judge it the beft Manner hitherto 
known of preparing an Extract from the Bark, 
fo as to render it more innocent and effectual. 

40. The Proce{s was formed upon this Suppo- Rayjonale: 
fition, That the Bark contained a Rofin and a 
Salt for its principal component Parts; to the 
Extraction whereof the two Menftruums are ioe 
adapted. And, in Effect, we find that Spirit of | 
Wine does extract a Kind of Rofin from the 
Aa 4 Bark ; 
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Bark; and Wine fuch a Part as renders it able 
to cure fome Kinds of Intermittents in -certain 
Conftitutions : Whence thefe two Menftruums, 
doubtlefs, take up the more medicinal Parts of 
this Subttance, leaving its more woody or fibrous 
Part behind ; which probably occafions that 
Stoppage and Frolbich fome Weight af the Stomach 
we often hear complained of ates taking large 
Quantities of the Bark in Subftance. 

41. The two finer and more medicinal Parts 
of the Bark being thus extracted, they are com- 
modioufly joined together again by the Interpo- 
fition of the Sugar contained in the Syrup; fo 
as to form an elegant Whole, that may be aro- 
matized at Pleafure with the effential Ojl of 
Mint, Cinnamon, or Cloves. 

Regimen, _ 42. The Dole, and Method of exhibiting this 
Preparation of the Bark, are the fame as the 
common; and though a much larger Dofe fhould 
be given, it has not been found to produce any 
il] Effect. The Ute of this Medicine is alfo at- 
tended with a quicker Recovery of the natural 
Complexion, Vigour, and Frefhnefs, than the 
Ufe of the crude Bark. And as the Medicine 
appears to be thus rendered fo powerful and 
innocent, perhaps it may be proper to try it 
'alfo in aes other weakening Diftempers, befides 
Intermitting Fevers, 


Eleofac- - 43. There are many other powerful and in- 
charums nocent Strengtheners, befides this Preparation 
Fees) of the Bark ; among, the principal whereof come 


the capital Aromatics, Cinnamon, Cloves, Nut- 
meg ; or rather their effential Oils ; which being 
made into £leofaccharums, afford as potent Cor- 
dial Medicines, in a commodious Form, as can 
well be expected, But if more compounded 
Medicines are required. we would recommend 
the Ule of a compound Elesfaccharum, confitting 


of 
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of a few feleét aromatic Oils, and the richeft 
Gums and Balfams, as one general Cordial, or 
compound Strengthener.- And thus a Medicine 
might be eafily contrived, that fhould. colleéct 
in itfelf, or concentrate, the Cordial Virtues 
difperfed: in feveral capital Ingredients. ' Thus 
for Example, Camphire, Balfam Perv, Balm of 
Gilead, the effential Oils of Cinnamon, Lignum 
Aloes, Myrrh, ce. are all homogeneous, and 
capable of being united either alone, or with 
Spirit of Wine, or Sugar; fo as to be given 
withvall defirabie Advantage and Convenience. 


EXPERIMENT. VI, 


A ready’ Method of procuring a fafe Quieter, or 
Anodyne. 
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44. We took half an Ounce of Opium, and Opium pre- 
diffolved it with a gentle Heat in five or fix times?47¢4. 


its own Quantity of fair Water; then ftraining 
the Solution, and exhaling away the fuperfluous 
Moilture, in a temperate Sand-heat, we reduced 
the Matter to a dry Subftance; which being 
ground in a Glafs-Mortar, with twice its own 
Weight of hard Loaf-Sugar, feems to afford us 
one of the beft or mildeft Preparations of Opium ; 
and may be given from one Grain to three or 
four for a Dole, | 


45. By diffolving the Opium in Water, we Ués. 


gct rid of its more grofs and refinous Parts, 
which are found much more pernicious than the 
relt; and by dividing its Parts afterwards, 
witn Sugar, we render the Medicine more uni- 
form, refoluble, and mifcible with the animal 
Fluids; and can thus the better adjuft its Dofe. 
But ftill this Medicine is not without fome 
pernicious Property; nor is there any way 

| known 


362 LectTuRe THE SIXTEENTH, 


known to render the Ufe of Opium perfeétly 
fafe and innocent in all Conftitutions: For ifa 
large Dofe of it be given, it is apt to difturb 
or cloud the Head, caufe a Vertigo, Delirium, 
or Convulfions; in particular, it proves preju- 
dicial to the Stomach and Inteftines, which it 
is apt to inflame and {phacelate; thus acting, . 
in fome Degree, as a Poifon: Whence a better 
Method of correcting it fhould be endeavoured 
after, or a more innocent Remedy be ufed in 
its Stead. A Mixture of Nitre and-Camphire, 
we apprehend, may fupply its Place on many 
Occafions, without any Fear of Danger or Incon- 


venience. 
Regula- — -.46, Thus we have endeavoured to give an 
ion of‘ Tnftance of a fimple and fafe Preparation in each 
Pharmacy. 


of the four general Tribes under which we con- 
ceive all Medicines may be commodioufly ran- 
ged; viz. Evacuants, Alterants, Strengtheners, 
and Quieters. If the Method we have here ob- 
ferved were purfued to its due Length, it might, 
doubtlefs, terminate in the certain Difcovery of 
a few fimple, elegant, innocent, and powerful 
Remedies; at leaft it would enable us to throw 
our, as dangerous, noxious, or poifonous, a 
large Part of our prefent Materia medica, and 
pharmaceutical Preparations ; and a confiderable 
Part thereof, as almoft ufelefs, or infignificant : 
Whence fome tolerable Degree of Perfection in 
Pharmacy might be obtained, 

47. Thus all the Medicines that have Lead 
in their Compofition are fcarce to be trufted for 
internal Ufe. We have various Inftances of the 
poifonous Nature of this Metal; as particularly 
among the Workmen at the White-Lead Houfes, 
the Colourmen, or Grinders of Cerufe, and 
thofe who any way work in Lead. And it were 
fufficient to banifh the frequent internal Ufe of 

Sacctha- 
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Saccharum Saturni, the Tinéura antiphthefica, &c. 
toread, in the Mdi/cellanea curiofa *, how many 
_ Men were poifoned by drinking acid Wine 
rendered {weet with Litharge. 

48. But Metals do not act in the Body till 
they are once diffolved : Whence crude Mer- 
cury, fwallowed in large Quantities, proves 
harmlefs, through the Want of a Menftruum in 
the Stomach, €@c. to diffolve it, But when crude 
Mercury is diffolved by its proper Menftruum, 
as in the Preparation of Mercury- Sublimate, 
we fee it becomes one of the ftrongeft Poi- 
fons. Lead, Iron, and Copper, being much 
more eafily diffolved than Quickfilver, are fel- 
dom taken without fome remarkable Effe@ ; 
which muft neceffarily prove the greater, the 
more of an acid, or, in the Cafe of Copper, 
even alkaline Humour, is lodged in the Stomach 
or Inteftines : Whence we derive a phyfical Rea- 
fon why thefe Metals often produce different 
Fffeéts in different Conftitutions. The internal 
Ute of the Cryfals of Silver, though fometimes 
fuccefsfully given in dropfical Cafes, fhould 
hardly be trufted, on account of their corrofive 
Acrimony ; which has fometimes occafioned 
bloody Stools, and extreme Weaknefs. The 
common Tinctures of Copper, and Solutions of 
blue Vitriol, can fcarce be taken internally with 
| Safety; as being not only emetic, but in fome 
Degree corrofive and poifonous. Even the 4u- 
rum fulminans, though highly efteemed by fome 
as an internal Medicine, cannot be fafely given, 
unlefs it has been firft well wafhed from its 
Salts, and does not meet with a fuitable acid 
Solvent in the Stomach: For in both thefe Cafes 
it may have dire Effects ; of which there have 


* Decad, II. Obf. 30. 
been 
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been remarkable Inftances: Iron and Tin have 
not been found fo pernicious to the Body, but 
rather beneficial ; efpecially Iron, when pru- 
dently prepared and ufed. Indeed, of all the 
Metals, Iron feems to-be the moft innocent, and 
fufficiently powerful, tho’ diffolved in fo weak a 
Menftruum as Wine. And as this is the Refule 
of our Method of Rejection applied to Metals 
and metalline Preparations, fo we apprehend that 
if the fame Method were applied to the whole 
Materia medica, there would thence refult the 
difcovery of fafe and powerful Medicines for the 
Cure of all ordinary Difeafes : Whence we would 
recommend this Kind of Procedure to thofe who 
regard the Improvement of Pharmacy and Phyfic. 


AXIOMS and CANONS. 


1. We learn from the preceding Enquiry, 
That certain Simples are naturally better pre- 
pared for medicinal Ufe, than by the common 
chemical Treatment ; fuch in particular are Ipe- 
cacuanha, Jalap, Rhubarb, Mechoacan, &e. 
Tables, or Catalogues, of which Kind of Simples 
ought to be formed, inorder to abridge and 
perfect Pharmacy a). 

2. Uhat moft of the Emetics in common 
Ule, efpecially the antimonial Kind, are virulent 
and fomewhat poifonous, compared to that milder 
one of Ipecacuanha 2.) 

3. That many of the common violent Purga- 
tives are of an actually poifonous Nature, and 
therefore fhould be artificially corrected, or elfe 
make room for more innocent Kinds to be ufed 
in their Stead ; particularly the purging mineral 
Waters, Manna, Rhubarb, &c. 


a) Exp. 1. b) Exp. IL. 
4, That 
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4. That the more violent and poifonous Pur- 
gatives, fuch as Elaterium, Coloquintida, Scam- 
mony, Hellebore, €9¢. may have their poifonous 
Quality mitigated, or taken away, by boiling in 
Water and other Exxpedients a). 

5. That the Effects of the poifonous Purgatives 
are confiderably greater in the Body than the 
Effects of the poifonous Emietics 5), 

6. That the two principal Tribes of fied: 
ants, viz. Purgatives and Emetics; are reducible 
to a few fimple and eafy Preparations c). 

7. That Camphire has confiderable Virtues, 
as a Perfpirative, Sudorific, and Refolver ; be- 
ing capable of uniting with oily Subftances, and 
bearing a Relation to effential Oils, Rofins, 
Gums, and Balfams @). 

8. That purified Nitre has many medicinal 
Virtues ; fo as advantageoufly to fupply the Place 
of numerous other Medicines e). 

g. That this purified Nitre has a great Power 
of preferving the Blood uncorrupted, frefh, and 
florid f).. 


‘10. That many of the medicinal Virtues of 


Nitre do not depend upon its liquifying, buc 
rather upon its jellying the Blood g). 

tz. That the Perfection of Phyfic and Phar- 
macy may have a confiderable Dependence upon 
the medicinal Hiftory of Nitre 5). 

12, That the Peruvian Bark may be rendered 
more innocent and effectual than when given in 
Subftance, for the Cure of Intermittents, &c. 
by Means of a proper Treatment, or by extract- 
ing and uniting its faline and refinous Parts 
with a fuitable intermediate Subftance 7). 

_ 13. That this Bark appears to contain three 
very different Parts. in a loofe Texture; viz. a 

rofin, a falt, anda woody Subftance k). 
@) Behe th. 0) ib. * 6) Expl. Ti) “dy: Exp. IIT. 
e) Exp. IV.» f) ib, g) ib. b)ib. i) Exp. VV. &) ib. 
14. Lhat 


ner 
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14. That poffibly the refinous and faline Ex- 
tracts of the Bark may be ferviceable in curing 
more Difeafes befides Intermitting Fevers ; and 
that probably the frequent Failure of the com- 
mon Infufions and Extracts of this Drug are 
owing to their containing much of its refinous 
Part without the faline one, or the faline Part 
without much of the refinous; and not a due 
Mixture and full Proportion of the two, as they 
are naturally found in the Bark itfelf: Whence 
the Subftance has generally proved more effectual 
than any of thofe imperfect Extracts, Tintures, 
or Infufions a), 

15. That powerful Strengtheners, or Cordi- 
als, are obtainable from a Mixture of the richeft 
Balfams, and effential vegetable Oils 3). 

16. ‘That Opium may be fo prepared as to 
become more innocent than in the common Me- 
thods of treating it ¢). | 

17. That a lefs noxious Quieter is wanted 
than Opium, and may, in fome Meafure, be 
fupplied by Nitre and Camphire d). 

18. That no Preparation of Lead can be long 
or freely ufed internally, without confiderable 
Hazard e), 

19. That the common Solutions and Prepara- 
tions of Copper, Silver, Gold, and Mercury, 
are hardly proper for internal Ufe; nor even 
Tin and Iron, unlefs prudently prepared with 
gentle Menftruums, and cautioufly given f). ° 

20. That there are rational Grounds to expect 
fome confiderable Improvements in the prefent 
State of Pharmacy and Medicine, by a due En- 
quiry, and a proper Ufe of the Means conducive . 
to this End g). 

Bye EDs “Viwae 8) We fh deep. Vis 8) Ds e) ib. 
SJ) ib. 4 See the whole Lecture, pa/fim. | 


LECTURE 


( 367) 


LECTURE XVII. 
CONTAINING 


MINERALOGY; or the Art of Mining: 
With the previcus Operations to Metal- 
lurgy; viz. Roajling, Stamping, Wafb- 
ang, and the Bufinefs of Fluxes. 


1. WAT E are now entering upon a large, and 73; 5,4. 
| extremely ufeful Branch of Chemiftry ; jee. 
the Bufinefs of Mineralogy and Metallurgy. | 

2. By Mineralogy we underftand that previous Mizere- 
Part of Metallurgy, which teaches the Ways of dgy,wbat. 
finding, judging, and digging Mines; with the — 
Ufes of Salts and Earths for making Fluxes, in 
order to the affaying and fmelting of Ores for 
their Metals. 

3. By Metallurgy we underftand the Perform- Metalur- 
ance of thofe feveral Operations required to fe-37 wéat. 
-parate Metals from their Ores, for the Ules of 
Life, And according to this Diftinction we fhall 
beftow one Lecture upon Mineralogy, and another 
upon Metallurgy, in the Senfe we have here ex- 
plained them. 

4. Mineralogy is an Art that requires a conli- Reouifres 
derable Compafs of Knowledge, before it can be to Minera- 
practifed to Advantage: For as this Art includes /zv- 
the Difcovery, Sinking, and Working of Mines ; 

"it requires a competent Skill in the Nature, Efflu- - 

via, and Effects of mineral Matters, whether 

Farths, Salts, Sulphurs, Stones, Ores, Bitu- 
mens, 
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mens, Gems, or Metals. It likewife requires a 
Knowledge of the internal Structure of the Earth, 
arid its various Strata; with a competent Skili in 
fubterraneous Architecture, Menfuration, Hy- 
draulics, Levelling, and Mechanics ; without 
which we can never judge what Mountain, 
Plain, or Valley, is proper to be dug; in what 
Manner to dig it; how to difcharge the Water 
that may flow in upon the Works; how the 
Beds of Ore and Stone will dip, or run; how 
the various Kinds of Earths, Marble, and other 
mineral or metallic Matters, are to be cut 
through, or broken; or how the general Procefs 
of Mining fhould be conducted, in order to 
procure, with the leaft Expence, or bring to 
open Day, the principal Matter or Ore re- 
quired. 

5. And even when all thefe Difficulties are 
conquered, no more than half the Work is effect- 
ed; and ftill the End can never be obtained 
without a tolerably exact Knowledge of feveral 
chemical Operations ; wz. Trituration, Torre- 
faction, Lotion, Calcination, Cementation, Fu- 
fion, Amalgamation, Vitrification, Sublimation, 
Diftillation, and the like: Whence it might be 
laid down asa Rule, That every directing Me- 
tallift fhould not only be tolerably verfed in the 
feveral Parts of Natural Philofophy, but parti- 
cularly be well acquainted with Chemifiry. 

6. And perhaps it may not be improper to 
intimate, that many metallurgical Attempts have 
mifcarried, merely for Want of a competent Skill 
to conduct them. The under Workmen in this 
Way are generally a head-ftrong, ignorant Peo- 
ple, that cannot be managed without the Ufe of 
{ome good political Rules, and a Knowledge 
much fuperior to their own. Yet how little 
foever the Art of Mineralogy may have been 
, under- 
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underftood, Hittory affords us numerous Exam- TheSucce/s 
_ ples of plentiful Fortunes and immenfe ‘I'reafures % 4“**¢- 
raifed from Mines, as well by private Perfons, 
as by particular States and Kingdoms. But the 
Vulgar, and even Philofophers unverfed in 
Trade, generally reckon the Bufinefs of Mining 
unprof{perous, and at beft precarious and un- 
certain; efpecially when compared with Agri- 

culture, or other Arts exercifed more in the 
open Day. 

7. The Truth is, Mines are liable to many The Proft 
Contingencies; being fometimes poor, fome- % 44" 
times foon exhauftible, fometimes fubject to 
be drowned, efpecially when deep, and fome- 
times hard to trace. Yet there are many In- 
ftances of Mines proving highly advantageous 
for hundreds of Years. The Mines of Potof 
are, to this Day, worked with nearly the fame 
Succefs as at firft;.the Gold Mines of Crem- 
nitz have been worked almoft thefe thoufand 
Years ; and our Cornifh Tin-Mines are extreme- 
ly ancient. In general, che Profit of Mines, 
compared with that of Agriculture, is immenfe- 
ly greater in the fame Time, fo as to compen- 
fate largely for its Uncertainty. Even Lead- 

Mines generally yield twice or thrice the Re- 

turns of the richeft Soils, cultivated in the ordi- 

nary Manner, either by Nature or Art. What 

then fhall we fay of the Mines that are rich in 

the nobler Metals? The neat Profit of the Sil- 

ver alone, dug in the Mi/nian Silver-Mines of 

Saxony, in the Space of eighty Years, is computed, 

at an amazing Sum * 

_. 8. Many Mines have been difcovered by Ac- Accidental 

cident. A Torrent firft laid open a rich Vein 7/%- 
of the Silver-Mine at Friderg in Germany. Some- en) 


* See Petr. Albin. in Chronic. Mifn. Miner. German. 
Bb | times - 
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times a violent Wind, by blowing up Trees, or 
overturning Rocks, has difcovered a Mine. The 
fame Has happened by violent Showers, Earth- 
quakes, Thunder, the firing of Woods, or even 
the Stroke of a Plovgh-Share, or a Horfe’s 
Hoof. | 


The Artof 9. The Art of Mining does not wait for thefe 


Mining. 


How to be 
practised. 


Signs of a 


Mine. 


favourable Accidents ; but direétly goes upon the 
Search and Difcovery of fuch mineral Veins, 
Ores, or Sands, as may be worth the working 
for Metal. 

10. The artificial Inveftigation and Difcovery 
of Mines depends upon a particular Sagacity, or 
an acquired Habit of judging, from particular 
Signs, that metallic Matters are contained in cer- 
tain Parts of the Earth, not far below its Surface. 

rr. The principal Signs of a latent metallic 
Vein feem reducible to general Heads; fuch as 
(1, the appearance of certain mineral Waters; 
(2) the Difcolouration of the Trees or Grafs ; 
(3) Pieces of Ore on the Surface of the Ground 5 
(4) the Rife of warm Exhalations ; (5) metallic 
Sands, and the like: All which are fo many 
Encouragements for making a ftricter Search 
near the Places where any Thing of this Kind 
appears. Whence Rules of Practice might be 
formed for reducing this Art to a greater Cer- 
tainty. 


The Art of 12. But when no evident Signs of a Mine ap- 


Boring. 


pear, the fkilful Mineralift ufually bores the 
Earth in fuch Places as, from fome Analogy 
of Knowledge, gained by Experience or by ob- 
ferving the Situation, Courfe, or Nature of other 
Mines) he judges may contain Metal. 

13. This Method of Boring confifts in the Ufe 
of a Set of Scooping Irons, made with Joints, fo 
as to be fengthened at Pleafure, and thruft down 
to a confiderable Depth below the Surface of the 

Earth, 
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Earth; fo as when drawn out again to bring back 
Samples of the Earth, or mineral Matter, from 
the Depth to which the Iron defcended; much 
after the Manner that Samples of Sugar-are taken’ 
out of the Hogfhead by the Inftrument called 
a Refi. 

14, After a Mine is found, the next Thing to Wen 
be confidered is, whether it may be dug to pleas 00! ay 
vantage. In order to determine this, we are7)°"3 ” 
duly to»weigh the Nature of the Place, and its Pace: 
Situation, as to Wood, Water, Carriage, Feal- ; 
thineis, and the like; and compare the Refult 
with the Kichnefs of the Ore, the Charge of Dig-. 
ging, Stamping, Wathing, and Smelting. This 
is a Matter of common, civil, or ceconomical 
Prudence. | . 

15. Particularly the Form and Situation of the 

Spot fhould be well confidered. A Mine mutt 
happen either (1) in a Mountain, (2) in a Hill, 
(3)in a Valley, or (4) ina Flat. But Mountains 
and Hills are dug with much the greateft Eafe 
and Convenience ; chiefly becaufe the Drains and 
Burrows, as the Miners call them, that is, the 
Adits, or Avenues, may be therein readily cut, fo as 
both to drain of the Water, and to form Gang- 
ways for bringing out the Load, or Ore, &&e¢. 

16.In all thefe four Cafes *, we are to look out Mixes, 
for the Veins, which the Rains or other Acci- wre te 

dents may have laid bare; and if fuch a Vein be opened. 
be found, it may often be proper to open the 
Mine in that Place, efpecially if the Vein proves 
tolerably large and rich : Otherwife the moft 

- commodious Place, for Situation, is to be chofen 
for the Purpofe; viz. neither on a Flat, nor on 

the Top of a Mountain, but on its Sides: For 

_ the Mineralift is always to exercife his Judgment 


* See 4. 15, 
Bb 2 in 
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in’ the due Choice of a Place to begin the 
Work. 3 | 

The bef 17. The beft Situation for a Mine is a moun- 

Situation tainous, woody, wholefome Spot, of a fafe, eafy 

of a Mine. A{cent, and bordering upon a navigable River. 
Such a Place therefore being the Standard of 
Goodnefs, all others may be judged of as they 
approach to, or recede from it. 

Requires 18. Wood is indifpenfably neceffary for make- 

Wed. . ing the neceffary Inftruments, Engines, and 
Huts; as alfo for fencing the Pits, or Avenues, 
and fupporting the Rock, where large Caverns 
are made by digging away the Ore : And 
again, tor fupplying Fewel to the melting 
Works; unlefs where Pit-Coal will ferve the 
zurn, But though no Wood or Coal fhould 
crow upon the Spot, it may often be fupplied by 
Means of a navigable River, or cheap Carriage. 
And thus there are fome rich Mines, in the 
hotter Climates, without fo much as a Shrub 
erowing near them. 

ype 19. Plenty of Water fhould never be want- 
ing, and is beft fupplied by a River, from which 
it may be commodioutly derived, by Pipes, into 
the Lavaderos, Smelting-Hduts, Gc. or even 
brought into the burrows themfelves, and made 
to work the fubterraneous Machines. Thefe are 
Conveniencies not to be expected from cafual 
Rains, or the Torrents of the Mountains. 

oo 20. The Roads and Conveniencies of Carri- 

Reed. age, to and from the adjacent Parts, muft be 
likewife regarded; as well for the Sale of the 
Metal. produced, as the Conveyance of Goods 
and the Neceflaries of Life to. the Workmen: 
For it rarely happens, that Provifions are afforded 
by the Spot where Metals are found. ; 

ot. The Places abounding with Mines are 
generally healthy; as flanding high, and every 
way 
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Way expofed to the Air : Yet fome Places where And bot 
Mines are found prove poifonous, and can by/o™ 4. 
no means be dug, though ever fo rich. The 
Way of examining a fufpected Place of this 
Kind is, to make Experiments upon Brutes, by - 
expofing them to the Kffluvia or E.xhalations, 
in order to find the Effects thereof. 
22. But a confiderable Advantage may fome- Metals ob- 
times be made, without the Labour and Exxpence ‘aan 
‘ é : i: without 
of Digging: For as Springs and Rivulets are yyjping, 
‘frequently the Outlets of Mines, 1t may happen 
that the Sand of fuch Waters fhall be worth the 
wafhinge for Metal; in which Manner large 
Quantities of Gold Duft are often procured. 
And hence it appears to be, that the Sands of 
“many rapid Rivers, and even the Sands of the 
Sea in fome Places, contain Gold ; though the 
latter in fo fmall a Proportion as feldom to be 
worth the Wafhing. But the Sand of fuch Ri- 
vers wherein ftamped Ores are continually wath- 
ed may frequently deferve to be aflayed. | 
23. The Veins of a Mine differ greatly from The dife- 
each other, in Depth, Length, and Breadth, deus 
Some ftretch obliquely from the Surface towards _ 
the central Parts of the Earth; and thefe are | 
called deep Veins : Others lie fhallow and circu- 
“Jar, fo as to encompafs a large Space; thefe are 
termed fpreating Veins : Others pofiefs a grea 
deal of Space, both in Length and Breadth ; 
and thefe are called accumulated Veins ; being no 
more than a Space poffeffed by a Group of Foffils 
of one certain Kind. But to give the Hiftory 
of Veins, and Fibres, which are {maller Veins, 
their Differences, their Directions, their Inter- 
feCtions, their different Goodnefs, their Difcon- 
tinuations, their Rifing, Falling, &c. would be 
a large Work. Let it, however, be obierved, 
that thefe Things feem to proceed in a certain 
Bs order, 
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order, though the Laws thereof have not been 
fo well obferved as to afford us fure Rules of 
Practice : Whence it fometimes happens, that 
after a Vein has been fuccefsfully traced for 
fome time, it dips, breaks off, or takes a different 
Courfe, leaving the Workmen as it were at 
Fault. : , 

24. When a Vein of Ore is found, and all 
Things prepared for the Work, if the Vein-be 


of the deep Kind * it is farft to be laid bare, and 


a Pit to be funk upon it; at the Mouth whereof 
a Shed is to be raifed, and a Crane, or Barrel 
and Winch, fixed, for drawing up the Ore. The 
Pit is to be funk either perpendicular or oblique, 
according as the Vein happens to run. 

25. Itis alfo ufual, in this Cafe, to cut a Bur- 
row, or Adit into the Side of the Hill. This 
Burrow is ufually cut twice as high as wide, 
that the'Workmen may commodioufly pafs along 
it with their Barrows and Burdens ; being for 
that Purpofe ufually about feven Foot and a 
half high, and almoft four Foot wide. If this 
Siae Pit reaches to the funk Pit, it becomes a 
true burrow, open at both Ends; and thus ren- 
ders the Work more facile and commodious, as 


the Ore may be now wheeled out in Barrows, 


The Di a. 
ging UQ- 
F1OUS. 

By the 
Spade. 


initead of being craned up to the upper mouth 
of the Pit. After the fame Manner it is ufual to 
dig many Caverns into the Sides of the Moun- 
tain, in order to fcoop out the Ore: So that 
fometimes there are thus feveral Burrows made, 
to the Kale and Advantage of the Work. 

26 The Art of Digging the Veins varies 
according to the Nature of the Vein, or accord- 
ing as itis foft or hard. The foft Vein is gene- 


rally dug with the Spade, and turned out into 


* See above, §. 23. 


wooden 


- 
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wooden Trays, placed underneath to receive it : 
But the hard Veins are knocked out with a Py the 
Gad, or Kind of Chizzel, and Hammer. But &¢. 
if the Ore is fo hard as to be incapable of break- 
ing in this Manner, they ufually foften it with By Fire. 
Fire; which has the Power of rendering the 
hardeft and moft flinty Stones brittle and friable. 
But a {till more expeditious Method is the work- piialed 
ing with Gunpowder ; by Means whereof much 
of the hardeft Rock may be fhivered and fplit 
in a very little Time; a {mall Parcel of Powder 
being laid in a long Hollow cut for the Purpofe, 
after the Nature of a Gun-Barrel, and fired as it 
were at a Touch-hoie; a fmall Vent, where the 
Quick-match is applied, being lett for the Pur- 
pofe, and the reft of the Onfice being hard 
{topped up with Clay.» 

27. The Manner of purfuing and digging all Te Defign 
Sorts of Veins, the Ways of under-propping, and 91” fe! 
difcharging the Water from the Works, the enone 
finking of Air-fhafts, curing of Damps, and’ 
the like, we have no time to defcribe *; our 
more immediate Bufinefs being the Treatment of 
the Ore, after it is dug and brought to open 
Day. For this Purpofe there are certain pre- 
vious Operations required, of which we propofe 
‘to exhidit Examples. Our. frff Experiment, 
therefore, will fhew the Method of Roafting 
fulphureous or arfenical Ores, the fecond will 
- fhew the Method of Stamping and Wafhing of 
Ores; and the tdird, the Method of preparing 
Fluxes. | 


* See Agricola de re metallica. 
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EXPERIMENT I. 


The Method of Roafting Ores. 


Mundie 28. We took a Pound of the common Corni/h 

reafied. Wfundic, and breaking it into fmall Lumps, ex- 
pofed it upon the Grate of a Furnace, whilft the 
Fire was made below ; and thus at firft we gently 
heated and torrified the Mundic, but afterwards 
by Degrees increafed the Fire, fo as to make 
the Lumps glow, or appear red hot; in which . 
State we kept them for half an Hour, or till no 
more fulphureous Vapour or Stench rofe from 
them. 

The Expe- 29. Uhis Experiment fhews the common Me- 

riment ex-thod of Roafting Ores, in order to difcharge. 

pained. their fulphureous, arfenical, or antimonial Parts, 
that might otherwife hinder their Fufion, or 
elfe carry off a confiderable Proportion of the 
truly metallic Matter in melting. For fear this 
metallic Matter fhould fly off, we made the 
Fire gentle at firft; but increafed it, by Degrees, 
till the Lumps Noort red hot, aeaite other- 

wife the Sulphur would not quit its hold; for 

Spine requires a naked Fire and the Affiftance 
of the open Air, before it at burn, or go enti- 
rely off *. 

And applie 30+ The richer and more male Ores have 

ed, tothe no Occafion to undergo this previous Operation 

findy | ~of Roafting, but.are “ufyally committed to Fu- 

ie fion foon after being dug up, and feparated from 
their Stone, or Mine. Elowever, if they con- 
tain any confiderable Quantity of Sulphur, or 
Arfenic, itis ufual to roaft even thefe a little. 


* See Le. th; paffim. 


t. But 
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31. But fome Copper Ores are fo ftubborn Tethe more 
and refraétory, or hold their Sulphur fo rena- /ubvorn 
cioufly, as to require many Roaftings before they Si 
will let it go: being either ftamped or melted 
after every Operation, fo that all the Parts may, 

at feveral Times, be equally expofed to the Fire, 
and have their Sulphur difcharged. 

32. In the large Way of Bufinefs this Opera- 7, :4¢ targe 
tion is ufually performed in a Trench cut fome- Way. ° 
what aflope in the Ground, that the Air may 
have the freer Accefs at the Bottom: they firft — 
place a Layer of Billet-Wood in this Trench, 
and upon that a Layer of the Ore, in little 
Lumps, and fo continue, interpofing a Layer of 
Wood and a Layer of Ore, tor three or four 
Stories ; when the Pile being compleated, they 
fet Fire thereto, and make it continue to burn 
flowly for feveral Days together, during which 
Time there rifes a large Quantity of fulphureous 
Vapour, that may be perceived to a confiderable 
Diitance. 

33. But when the Ore, by repeated Roaiting, 

Stamping, and Fufing, is become tolerably pure, 
they now finifh the Operation by throwing it in- 
to a particular Furnace, having a Funnel to in- 
creafe the Draught; fo as to make the Fire the 
ftronger, and difcharge the fulphureous Fumes 
in greater Plenty. And this Furnace is fo con- 
trived, that the open Flame of the Wood may 
play directly upon the Ore; whence all its vola- 
tile Part is feparated, and the Remainder left fit 
for the laft Stamping and Wafhing. | 

34. When the Ores contain a large Quantity The Sui- 
of Sulphur, this ufually fweats out and runs down pur, bow 
into Cavities made on Purpofe to receive T Pisce 
whence it may be ladled out, and ‘caft into 

Moulds. But perhaps the moft frugal Method 
of roafting Ores, fo as to fave, or collect, . 

the 
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the Sulphur, or Arfenic, they contain, is not 
generally known and practifed : For in the com- 
mon Way, a large Proportion is loft, which 
might be collected by Means of a proper Hood, 
~ in the Form of Flowers ; and alfo the rifing Fume 
might, by a-particular Structure of the Furnace, 
be made to pafs into a large Veffel of cold Wa- 
ter, and there be condenfed; as we fee in cer- 
tain chemica! Diftillations and Sublimations. 
Vitriol ob- 35. After the poorer and more ftubborn Sorts 
tainable in of Copper-Ore have been thus fucceffively roaft- 
the wafe- ed. and come to be quenched in Water, or 
e wathed, they often impregnate the Water with 
a vitriolic Matter; fo that fometimes profit may 
be made by evaporating thefe Waters, and fuf- 
fering the Vitriol to fhoot: For the acid Part of 
_ the Sulphur, here feparated by the Fire, is 
greatly difpofed to enter the metallic Part of 
the Ore, and diffolve it; fo as to form an actual 
blue Vitriol, or Vitriol of Copper, which fells 
for a confiderable Price. 
Roafting 36. And here it fhould be remembered, that 
generally Ores rarely yield the lefs Metal for Roafting ; 
profitable. wnlefs the Fire were made too ftrong, efpecially — 
at the firft: For when the Yield proves fmall, | 
the general complaint of the Smelters is, That | 
the Ore, when fent to their Furnace, was too 
little roafted ; though indeed the fault is often 
their own, in neglecting to make their Fire fufhi- — 
ciently brifk and ftrong from the firft; which is 
a very confiderable Secret for increafing the 
Yield of an Ore. 
Tho? not 37. There are, however, fome Reafons to be- 
always in lieve, that many imperfect Ores lofe confidera- 
imperfe? bly of their Metal by Roafting, efpecially when 
Ores. they are mixed with arfenical, or antimonial, 
Matters, which have a known Property of vola- 
tilizing the impurer Metals, and carrying them 
off 


| Of Mineralogy: 379 
off in Fume : Whence, doubtlefs, it jis that 
fome poor Ores and Mundics are commonly 
treated with little Succefs. 

38. The Remedy in this Cafe we apprehend 743; Incon- 
to be the due Ufe and Application of fome fixing venience 
Subftances, whether of an ablorbent, alkaline, or “”###ed. 
neutral Nature; fuch as Quicklime, Kelp, or 
Pot-Afh, dry River-Mud, Clay, Iron-Filings, 
or the like, mixed or ftratified along with the 
Ore. And by certain Additions of this Kind, 
we doubt not but the Yield of fome poorer Ores 
might be confiderably increafed. 

39. The Bufinefs of Roafting Ores may Ryafing 
be improved, and reduced to a few eafy Rules. reduced to 
{1) We fee it is of two Kinds, or fimple and res 
compound ; that is, either with or without Ad- yee 
dition. No Addition is wanted when the Ore 
proves rich, or in itlelf nearly of a metallic Na- 
ture, as fome Ores are found to be. But Addi-. 
tions are principally required, when arfenical, 
antimonial, or fulphureous Matters are natural- 
dy mixed with the Ores *. 

40. (2) The Fire is to be fo regulated, from 74, Fire. 
the firft, that only the lighter, or more volatile, 
fulphureous, or arfenical Fumes may go of ; 
otherwife the more metallic Part alfo would Ay 
away, and, without fome proper Contrivance to 
catch it, be loft. Yet the Ore mutt feel the 
force of an open Flame at laft; otherwife all the 
Suiphur, Arfenic, Antimony, and other imma- 
ture mineral Subftances, will not be diflodged. 

41. (3) The more thefe immature Subftances 
abound in the Ore, the gentler the Fire fhould 
be at firft,; and when the greater Part of them 
4s thus exhaled, the Fire is to be quickened by 
a freer Admiffion of the external Air. 


* See §..38. | 4) 
Hi 4a. (4 
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42. (4) Laftly ; Where fuch fixing Additions: 
And Wafo- are ufed as are not metalline, for Example, Lime, 
ing. Mud, &c. the unmetallick Parts ought again 
to- be feparated by Stamping and Wo afhing, “be- 
fore Fufion, which would otherwife Be hin-. 

dered, or ufeleisly encumbered. 


ExrpeErRIMeEnNT II, 
The Method of Stamping and Wafbing of Ores. 
Mundic 43. We took the Mundic roafted in our for- 
fanped mer Experiment, beat it fine in a metalline 
and wafe- Mortar, and fearced it; then putting it into a. 
if Buddling-Difh, we wafhed it in feveral Waters, , 
taking care to feparate the heavier Portion from 
the lighter, and drying this heavier Part, which. 
is always the more metallic. 
Wajfring a4. Thefe Operations of Stamping and Wafh-: 
andStam)- ing are not neceflary in the richer Sorts of Ores,, 
ang not al 
Ses but are often abfolutely required in the poorer’ 
cefary. and more flinty Kinds. It a large Quantity of 
mere {tony Matter adheres to the Ore, it is fome-. 
times knocked off with Hammers ; fo as to leave: 
the more metallic Part free from this barren or’ 
fuperfluous Subftance. | 
Hard 45. lf the Ore fill proves hard and flinty,, 
Ores, how it is fometimes foftened by lying, for feveral| 
Softened months, expofed to the open Air, which thus 
renders it fic for the Stampers; though it fome- 
times alfo requires to be heated, or ienited 1, and. 
‘quenched in Water, to fit it for that Purpofe. 
Thus a large Heap of hard, and otherwife un- 
tractable, Ore may be heated red hot, by inter- 
fperfing it with Billets, and fetting: them on 
fire, atter which it may readily be quenched, 
and rendered friable, by throwing cold Water 
upon it, or by paffing a fmall Stream of 
Water through it, derived from fome adja- 
cent River. And ifometimes this Operation 
muft 
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mutt be répeated, before the Ore will grow foft 
and tractable. | 
- 46. Iris ufual to ftamp moft Ores in a State Oyes goaw 
of Moifture or Wetnefs, to prevent the Avola~ bef famp- 
tion of their Dutt or Powder; but efpecially ed in the 
fuch as require much wafhing to feparate their Le Si 
barren and lighter earthy Parts, which would 
otherwife ufelefsly encumber the melting Fur- 
nace. ‘To perform this Stamping the more com- 
modioufly, a Stream of Water 1s made to pafs 
under the Stampers 3 fo as to make various win- 
dings and turnings, and, in Part, run into cer- 
tain Cavities, made on Purpofe to catch and 
detain the heavier Matter, whilft the lighter 
’ ais wafhed away to a greater Diftance by the 
Current. 


47. But the Method of wafhing the Ores of 74¢ Ores 
the nobler Metals is more exact and curious ; ye re 

ral > bler Metals 

as in wafhing of Sand for Gold, on the Banks pow aah- 

of the Rhine and Danube, where Gold is fre- ed. 

quently found, efpecially in fuch Places where 

the ‘Sand is raifed into large Heaps, or a Kind 

of Mountains, by the Rapidity of the Stream. 

48. Thefe Sands are ufually wafhedby the Hand, Pine Gold 
inalong Trough, made for the Purpofe, with a De- nee 
(cent or Current, and lined at the Bottom with Flan- iat 
nel, for thus the Sand being artificially agitated 
with the Eland, the lighter and larger ftony Matter 
rifes uppermoft, whilit the heavier defcends, and 1s 
catched inthe Pores of the woolly Cloth at the Bot- 
tom; in the mean Time the lighter Matters are 
wathed farther off by a Stream running down the 
Declivity. When the Flannel has thus collected 
a confiderable Quantity of the richer metallic 
Matter, the whole Cloth may be eafily taken off, 
and rinfed in a proper Veffel of Water, where 

| ee Mh 
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all the metallic Matter, before adhering to it, 
readily falls off, and finks to the Bottom of the 
Veffel ; and then, the Water being decanted, 
the Metal may be collected alone and dried. And 
this is the Method of procuring the Gold where 
the Sandis fine, or extremely {mall. 

49. In the larger Works, or where the Gold is 
mixed with big Sand, Gravel, or Stones, they 
make Ufe of Wire-Sieves, whofe Meath is always 
of one certain Size ; fo as readily to tranfmit the 
fine Sand, or Gold Duft, and retain the larger 
Gravel and Stones behind: For it is extremely 


rare to meet with a Grain of Gold, in the Sands 


of Rivers, fo large as a Barley-Corn. Whence 
this Method by the Sieve is highly ferviceable, 
and conducive to the former Operation: For 
though a large Quantity of fine Sand thus pafies 
the Sieve, it may be readily feparated in the 
Trough, aicer the * ‘ethod already defcribed *. 


TheEndof 50. And this may fuffice to thew the general 


Stamping 
ana Wafp- 
ang. 


and particular Methods of Stamping and Wafh- 
ing Ures. We fee the End of thefe two pre- 
vious Operations is to get rid of the Matters 


which are not metalline ; that fo the Furnace may © 


not be ufelefsly employed upon fuch Subftances 
as will themfelves yield no Metal in the Fire, 
and only hinder the metallic Parts of the Ore 
from coming together, and affording a Yield 
an{werable to the Iexpence and Trouble of the 
Fufion. 


* § 48. 


EXPERI- 
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‘Experiment Il. 
Ways of preparing the ftrongef Fluxes. 


51. We took four Ounces of red Lead, an Glafs of 
Ounce of White Sand in Powder, and two Lad pre- 
Ounces of dry decrepitated Salt, and mixed le s 

them all well together in a Mortar; this Mix- 
ture we put in a clean Heffian Crucible, fitt- 
ed with a Cover, and fufed it in a Wind-Fur- 
nace for a Quarter of an Hour; then taking it 
out, and letting it cool, we broke the Crucible, 
and found the Salt at top, and a pure Glafs of 
“Lead at the Bottom: ‘This Glafs we carefully 
feparated and kept apart, as a powerful Flux. 

52. The Salt is of no other Ufe in this Ope- Sait, why 
ration, than to ferve as a Flux to the Sand, and wed there- © 
make it more readily unite with the Red Lead; ™ 
fo as to form a Glafs without any great Violence 
of Fire, or the Neceflity of detaining it long 
therein. So that by this Means a Glafs of Lead 
may be readily prepared for the Purpofe of arti- 
ficial Gems *, or other Ufes. 

53. This Glaf; of Lead is an extremely ufeful 74 W of 
Flux in the Bufinefs of affaying ; and when kept cee 
long in Fufion, paffes through the Pores of any 
common Crucible, almoft like Water through 
a Sieve; fo as, upon the Teft, readily to vitri- 
fy, and carry off, all Sorts of metalline and mi- 
neral Matters, except Gold and Silver: On 

which Property, therefore, the Art of Cupelling 
depends. 

54. Fluxes feem reducible to two general pyuxes of 
Kinds, viz. the vitreous and the faline. By the swoKindss 


* See Le&. XIV. Exp. II. and V. 
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viz. the vitreozs we underftand all thofe which either 
vitreous. have of themfelves, or readily aflume, a glafly 
Form in the Fire ; among the Principal whereof 
we reckon the Glafs of Lead, the Glafs of Anti- | 

_ mony, and Borax. 
and faline.  -- By the faline Kind of Fluxes we-under- 
. ftand all thofe that are compofed of Salts, whe- 
ther Tartar, Nitre, fixed Alkali, or the like. 
And among the Principal of this Kind we reckon 
the Black Flux, which we formerly fhewed how 
___ to prepare *; alfo Sandiver, Kelp, Gc. . 
‘Ther dif? 6. The vitreous Kind feem more immediate- 
i ly deftined to act upon the ftony or vitrefcible 


Uves. 
+ Matter, wherewith ftubborn Ores are frequently 
_ mixed; and the faline Kind, to act more imme- 
diately upon the Ore itfelf, for the due Exclu- 
fion or Separation of the Metal. 
Some Ores 57+ Lhe more kindly Ores require no Flux to 


Antes hake them run thin, or to afford all the Metal 
Flux. they contain. And fometimes Ores are fo kind- 
ly as to contain their own Fluxes within them- 
felves. ‘Thus we have met with Copper-Ores, 
which being barely ground to Powder, and 
melted, without any Addition, in a common 
Wind Furnace, have yielded as much, or even 
more i Metal at the firft Operation, than 
we could obtain from them by Means of the 
ufual Fluxes. Whence we fee that artificial 
Fluxes are not always neceffary; or that the 
principal Ufe of them is for the ftubborn or lefs 
Metallarey tractable Ores, And thefe are fometimes fo 
vble by dif exceedingly hard to fufe, and bring to a metalline . 
sounvdip Form, that it requires the utmoft Power of Art 
cheap to treat them advantageoufly in the larger Way 
Kuxes of Bufinels, where no ‘contderable Euxpence can 
ufually be allowed for Fluxes. 


* See Lef.I. Exp, II, 
58. On 
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58. On this account it is that many Mines re- Metal- 
main unwrovght, as being intractable without “8: 


great Charges. Whence the Improvement of the 
Bufinefs of Fluxes, fo as to render them cheap 
and effectual, might greatly contribute to the Im- 
provement of Merallurgy. We would therefore 
recommend to farther Enquiry what Matter it is, 


in the more foft and tractable Ores, which renders: 


them fo fufible, and eafy to part from their 
Metal. Certain Experiments which we have made 
with this View feem to fhew, that in Copper-Ores 


it is a Kind of bituminous Subftance, capable of 


melting, by a ftrong Heat, into a foft and black 
kind of Glafs, , 


59. Some of the moft powerful and cheap The cheap 
fimple Fluxes hitherto known are dried Wine- 7” 


- Lees, dried Cow-dung and Horfe-dung, drie 
River-Mud, Fuller’s Earth, Iron Filings, com- 
mon Salt, Glals, Kelp, Pot-Ath, Sandiver, &c. 
which may be ufed in the larger’ Work 3 as N:tre, 
Tartar, Borax, Sal-Ammoniac, Mercury-Subli- 


mate, €%c. may in the fmaller, or for the making’ 


of Afflays. 


" F. luxes. 


60. As for compound Fluxes, they are nume- Cheap) 
rous; almoft every Operator having his favou~ compound 
rite one, And certainly fome Fluxes are better fxs. 


adapted than others to certain Ores. But per- 
haps a few general ones might be fixed upon, 
which fhould ferve inftead of all thofe hitherto 
commonly known and ufed. We will here re- 
commend three, which are powerful, almoft ge- 
neral, and not expenfive. 

61. (1) Take of Nitre, prepared by long boil- 
ing it in Lime-Water, of Sea-Sale melted in the 
Fire, Sandiver, and dry Wine-Lees, each one 
part ; Glafs of Lead, three Parts; and powdered 


Glafs, eight parts: mix them all well together. 
| C's This 
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This Flux added, in an equal Weight, will fufe 


‘a very ftubborn Ore, ~ 


62. (2) For a ftill ftronger, take equal Parts 
of white Tartar, common Salt, and Nitre, .pre- 
pared as above; calcine them to a white Pow- 
der, and mix therewith its own Weight of Glafs 
of Lead; and of this Flux add two Parts to one 
of the ftubborneft Ore. 

63 (3) For a powerful faline Flux take of 
the ftrongeft Soapboiler’s Lees four Pounds, white 
Tartar and common Salt, melted in the Fire, 
each one Pound; boil them together with five 
Gallons of human Urine, to adry Salt. This 
Flux is particularly proper where Sulphur and 
Cobalt abound, and render the Ore very refractory. 

64. But the great Secret in the making and 
adapting of Fluxes, is not only to feparate the 
Metal already ripened in the Ore, but even to 
mature and ripen the crude or immature Part of 
the Ore in the Fire. Something of this Kind, 
we apprehend, may be effected; as having rea- 
fon to believe, that certain Fluxes, will obtain a 
larger Yield of Metal from certain Ores, than 
other Fluxes incommon Ufe, though efteemed of 
the beft, and though they are perhaps of the dear- 
eft Kind. Thus clean Iron Filings will often do 
more than Borax. But as the Scales and Crocus, 
or Ruft, of Iron have been commonly ufed, in- 
ftead of pure and perfect Tron itfelf, for a Flux, 
few Operators appear acquainted with the Excel- 
Jence of perfect Iron employed for this Purpofe. 
Many Advantages alfo are now commonly reaped 
by a prudent Mixing of one Ore with another, of 
the fame Denomination, and with the Slags or 
Recrements, of Metals, in the Way of a Flux, 


AXIOMS 


Of Mineralogy. 
Axioms and Ch ous 
1. We leara from the preceding Enquiry, that 


to practife Mineralogy and Metallurgy to advan- 
tage, a confiderable Knowledge in Natural Phi- 


lofophy and the Operations of Chemiftry is’ re- 


_ quired a). | 

2) That many Mifcarriages in mineral Attempts 
have been owing to’ the Want of-a competent 
Skill in Mechanics, Hydraulics, and Chemiftry a ). 
3. That the Profit attending the fcientifical 
Working of Mines is generally greater, and up- 
on the whole more confiderable, than that of 
Agriculture, or Merchandize 4). 
4. That there are two Ways of difcovering 
Mines; viz by’ Accident, and by Art: The 
latter whereof belongs to the intelligenr Mine- 
raliftc). | a 

5. That the Art of difcovering Mines depends 
upon a certain Sagacity, which may be acquired 
by Wife and Practice ;. or upon'the Obfervation of 
particular Sigris that generally denote a Mine; 
and again upon the Method of Boring, according 
to fome Analogy of Knowledge, gained by being 
converfant with thecommon Appearances, Situa- 
- tions, and other Phanomena of Mines c). | 

6. That the Art of difcovering Minés is redu- 
cible to Rule, fo-as not to be mere Conjefture, 
or Guefs-work ¢). | 

7. That in general, Mines are to be firft 
opened where a Vein is laid bare by accident or 
otherwife, efpecially if it prove large or rich : 
‘But where no fuch Encouragement appears, the 


0a) $46. and Exp, I. He Til. 
b) : 4—6 . 


a cki'y. 


Cie 2 fides 


387 


sy 


LECTURE THE SEVENTEENTH. 


fides of Hills are preferably to be chofen for an 
opening @).. : bu 

8. That a deliberate Confideration, and a com- 
petency of oecongmical Prudence, are ulually 
required to determine before-hand, whether a: 
Mine, after it is difcovered, may be wrought to 
Profit 2). | ; 

g. That the moft perfect Situation of a Mine 
is to be’ mountainous, woody, eafy of Afcent, 


‘healthy, bordering upon a navigable River, and 


good Roads 4). | | 

19. [hat Metals may be fometimes: obtained 
to Advantage without Digging; or barely by 
wafhing the Sands of certain Springs and: Ki- 
VELS.) Cay: 4a. 

11. That mineral Veins differ greatly from 
each other, and accordingly requite different 
Methods of Digging, which may be reduced to 
{ftandard Rules of Practice d). | 

12. That the Bufinefs of Mining’ is improve- 
able by difcovering better Methods of preventing 
or curing Damps in Mines, rendering poifonous 
Mines wholefome,. or defending the Bodies of 
the Workmen againft their ill Effects; as alfo by 
difcovering, better Methods of raifing or dilcharg- 
ing the Waters, following the Veins, breaking the 
Rock, bringing up the Ore, &e. d). 

13. That the End of Roafting Ores is to dif- 
charge their fulpharcous, arfenical, antimonial, 
or other rapacious Matters ; which would other- 
wife carry off the purer Metal in the melting Fur- 
nace, and defraud the Account é). 

14. That the richer Ores require neither Roaft- 
ing, Stamping, nor Wafhing ; but may be di- 


a) §14—16. —b) § 14216 Le) $22, 47-49. 
d) §23——26. —e) Exp. I. an tp te 


rectly 


Of Mineralgy. 
rectly committed to the Smelting-Furnace, without 
Flux or Addition a). 
1s. That in order to roaft Ores in Perfection 
per fe, the Fire fhould be gentle at farft, and 
afterwards increafed toa Degree of Ignition in 
the Ore 4). | | 

16. That fome Ores, joined with rapacious 
miberal Matters, may be advantageoufly mixed, 
or ftratified, in Roafting, with proper fixing In- 
gredients 2). | 
~ 44, That Ores are feldom rendered the poor- 
er, but generally the richer, for Roafting ; un- 
lefs the Fire at firft be made too ftrong 2). 

18. That the Bufinefs of Roafting Ores is im- 
proveable, and reducible to a few eafy Rules, 
with a View to render the Ore more pulverable, 
and difcharge its volatile, fulphureous, and ar- 
fenical Parts; which, if retained, would, in 
ftrong Fufion, partly prevent the Separation of 
the purer Metal, and partly carry it off into the 
Air 0). 7 ; 

19. That Metals, in their Ores are not thole 
fixed Bodies they appear to be in the Bars or In- 
gots, into which they are brought by metallurgi- 
cal Operations a). 3 

20. That the Operations of Stamping and 


“Washing are required only in the hard, flinty, 


and poorer Ores; the Defign of thefe Operations 
cing merely to feparate the ufelefs terreftrial, or 
flinty and ftony Parts, which would otherwife 
encumber the Furnace and leffen the Yield. 

at. That fome hard Ores, may be foftened, 
or rendered fitter for Stamping and Wafhing, 
barely by lying expofed to the open Air, which 
—feems toturn fome Parts of the Ore into a faline 


a) Exp. 1. ILI, 
b) Exp. I. 


Ce? 3 Matter 
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matter, or Vitriol whence a Kind of Friability 
or Softnefs is communicated to the Reftva),, — [4 

22. Thatrthe Kardeft or ftubborneft Ores.may 
be foftened, and rendered fitter for the Stampers, 
by being firft ignited, and. then quenched in Wa- 
ter; efpecially if this Operation be feveral. Fimes 
repeated 0). Sitce aee | 

23 That the two Operations of Stamping and 
Wafhing are, in,good Meafure, reducible to one, 
in the ordinary Ores; the Courfe of the Water - 
being fo direéted under the Stampers, as imme- 
diately to carry off the lighter ftony. Matters, 
and leave the heavier or more metallic Parts 
behind 4). d 

24. That the Sands of certain Rivers may, by 
a flight manual Operation, be fometimes wafhed 
for their Gold to confiderable Profit ¢). 

25. That the wafhing of Sand for Gold may 
be confiderably expedited, by a proper Ule of 
the Sieve 3). 7 

26. That Glafs of Lead is a powerful Flux; fo 
as to be capable of vitrifying, and carrying away 
with itfelf upon the Teft, all the metallic or mi- 
neral Matters that are not either Gold or Silver d). 

27. That the vitrefcible Clats of Fluxes are 
more adapted to operate upon the {tony Parts of 
Ores, and the faline Clafs apon the Ores them- 
felves, fo as to feparate their Metal ¢). 

28, That the Bufinefs of Affaying and Refining 
Gold and Silver, depends upon that Property 
which Lead and the Glafs thereof have of vitri- 
fying, and carrying off upon the Teft, all the 
known Matters, except the two nobler Metals 2), 


a) Exp. TI, See alfo Le@. IIk. 
b) Exp. It. dis 
c) § 22, and Exp. Il. 

d) Exp, Il. 


29. Tha 
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29. That fome Ores naturally contain their 
own Fluxes, and are therefore beft affayed and 
{melted per /é a). | 

30, That the Bufinefs of Metallurgy might be 
confidérably improved, by difcoveting a cheap and 
general Set of powerful Fluxes a). 

31 That an Enqairy ifito the Nature of the 
fufible Matter, naturally contained in the more 

kindly Ores, might lead to a Difcovery of fome 
cheap and powerful Fluxes @). a : 

32. That the large Number of compound 
Fluxés might be reduced to a few general Kinds, 
capable 6f performing as much as all of them 
feverally a). ss. 

33. That the greateft Improvement of Fluxes 
depends upon making and ufing them fo as to ma- 
turaté the Ore, or otherwifé caufe a larger Yield 
than can be procured by the common F luxes @), ~, 

34. That fuch maturating Fluxes may be, in 
fome Degree, obtained by a farther Knowledge 
of the Properties, Affinities, or Relations betwixt 
Metals and Metals, Metals and Minerals, Ores. 
and Ores, or Minerals and Minerals 4). | 


a) Exp. Ul. 
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METALLURGY; or the Art of Affaying, 
and working Metals from their Ores. 


AVING already confidered the fe- 

veral Parts of Mineralogy *, as pre- 

vious to the Art of Metallurgy, we 

now come to Enquire into the Operations of 
Metallurgy itfelf. 

Metallur- 2. Thefe Operations are of two kinds, or 

gical Ope- {maller and larger ; with regard to which the whole 

rations of of Metallurgy may be divided into two Parts ; 
twokinds. vie Aflaying, and Smelting. 

Afaying. 3, By Affaying we underftand the Method of 
determining by Trial, in Miniature, what will 
be the Yield of an Ore in pure Metal when it 
comes to be wrought in the larger Furnace, 

AndSmelte 4. And by Smelting we underitand the feveral 

ing. Ways of reducing Ores to pure Mc<tal in the 
large Way of Bufinefs, fo as to fir the Produce 
for the civil, mechanical, and oeconomical Ules. 

ikea ofa We fhall here enquire into both thefe Parts 
the Expe- OF I “Metallurgy, or confider as well the Smelting 
rimenis. as the Affaying of Ores. Thus the fir# Experi- 
ment will fhew the Method of Affaying and 
Smelting Gold and Silver; the fecond will fhew 
the Method of feparating Gold from Silver; the 
third will thew the Method of Affaying and Smelc- 


* See Led. XVII. 


, ing 
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ing Copper, Tin, Lead, and Iron 3 the fourth | 
will fhew the Method of making Brafs and Princes 
Metal; -and the ffrb will exhibit the Method of 


making Steel, >. 


EXPERIMENT t. 


The Method of Aljaying and Smelting Gold and 
Silver Ores. 


6. (1) We took a Penny-weight of Silver- sitver Ore 
Ore reduced to fine» Powder; and having put #fayed by 
it together with halfan Ounce of Lead cleared of 7/”8- , 
its Silver, into a little flat Efflay-Crucible, under : 
‘a Muffle, in the Tefting Furnace, we continued 
to Ufe agentle Heat till the Lead had: imbibed 
the powdered Ore at leaft its metallic Part, and 
feparated the more ftony Matter in form of a 
glafly Scoria at the Top. (2) We now took out 
the Lump of Lead, impregnated with the Silver 
of the Ore, and placed “it upon a Tef, which 
had been heating, or nealing, all this while un- 
der the fame Muffle; and working with. a pro- 
per Degree of Heat, till all the Lead was either 
evaporated, vitrified, or funk into the Teft, we 
found a little Bead, or Grain, of Silver left. be- 
hind; which Grain, or Bead, being exactly weigh- 
ed, and compared with the original Weight of 
the Ore, gives the proportion of Silver contained 
in the Ore, that is, determines its Richnefs: And 
the fame Method is equally applicable to Gold- 

Ores, Sand, or any other Matters containing 

Gold, Silver, or a Mixture of both. 

_ 7. This Operation is ufually called Tefting, #2, op. 
‘or Cupelling; and exhibits almoft the whole Art rasionex- 
of the Affay Mafter and Refiner. We fee the péained. 
Procefs confifts of two Parts; viz. Labibition, 

and Separation: For the Lead is firlt ee 

| rin 


394 


ts Ratio- 
nale. 


Lecture tHe EIGHTEENTH. 


drink in all the Silver from the Ores and then 
the fame Lead is entirely feparated from the 
Silver. And in this Manner alfo are Effays 
taken of Silver Coin, or any Mixtures of the no- 
bler with the ignobler Metals: For when the 
Operation is exactly PRT no other Me- 
tals, befides Gold and Silver, will be left upon 
the Teft. 

8. The phyfical Reafon of the prefent Procefs 
deferves to be enquired into. The Laws or Prin- 
ciples on which it depends are thefe: (1) When 


the imperfect Metals, of other Minerals, are ad- 


ded to melted Lead, fome of them will not enter 
into it, bur remain Aoating on its furface, in form 
of a hard Scorta 5 which is the Cafe with Iron: 
(2) Others enter it, but gradually emerge again ; 
as Tin: (3) Others totally exhale; as Regulus 
of Antimony, and Arfenic: (4) Others again 
burn to Afhes, or run into Glafs, along with the 


_ Lead; as does Copper: But (5) néither Silver nor 


Gold and 
Siwer 


Gold is capable of flying off, burning to Afthes, 
or turning to Glafs, by being detained in melted 
Lead: Whence thefe two Metals, of courfe, re- 
main pure and feparated from all the Keft, at 
the End of the Operation. And thus we find, 
that the Gold and Silver remaining all the Time 
mixed among the Lead, without going into 
Glafs, continually fink down from the fhelving 
fides of the Teft, towards the Bottom of the 
Hollow, along with the Lead; which being at 
length totally confumed, and the Fire unable to 
keep Silver or Gold melted without fome Addi- 
tion of Lead, they neceffarily grow rigid, and 
fix ina {mall Bead at the Centre of the Teft. 

g. Inthe large Way of Bufinefs, Silver or Gold 


Ores are treated either by Amalgamation with 


Ores, bow Mercury, or by Snielting: and refining them 


treated in 
the large 
Way. 


with Lead. The Method by Amalgamation is 
ufed 
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ie only, hain the: Ore as exceeding rich; pat~ By Amal- 
ticularly at the Silver .Mines of Potofs. For by gamation. 
grinding fach rich Ores with Mercury, the no- 

bler Metals will be drank up. by it, and may 

be, readily. feparated from it again by . Diftillatioa, 

which carries over the Quickfilver, aud leaves 

the nobler Metals behind, © Lead is ufed along 

with the poorer Ores, in order to drink up. the 
nobler Metals they may contain ; which it does 

much after thefame Manner by Fafion, as Quick- 

filver does without 1; fo as to feparate many he- 
terogencous Parts, by keeping. them floating, and 
afterwards reftoring the nobler Metals, by Cu 
péllation. 

10. The large Way of Smelting Gold and And Fue 
Silver Ores is analogous to the fmali one of Af. /* 
faying ; all things being proportionably larger, 
the Fico animated with Bellows, and the Blatt 
- direéled upon the Surface of the melted Metal, 
fo as to blow off the Lead in the Form, of ime 
tharge, before it is fully vitrified. But here the 
Silver is not perfectly: refined at one Operation ; 
fome Proportion of {ead fill remaining mixed 
among it, that requires to be burnt our, after the 
fame Manner, in a ftronger Fire: And even, thus 
it is with great Difficulty thar Silver can be ob- 
tained pure, or totally feparated, either from 
Lead or Copper. This large Way of working 
might. perhaps be improved in refpect of the Vei- 
fel or Teft employed, and the Management of the 
Fire ; fo as to work by the Means of ‘Flame, With, 
out the Affiftance of Bellows. 

11, With regard to the. Teft, we are to ob- The Jarger 
ferve that Bone-Afhes, though ever fo well wafh- Operation 
ed and fifted, are not, perhaps, the fixteft mat- As tage 
ter to make Tefts of ; the Tefts fo made being 7,9, 
apt to crack inthe Fire, unlefs dried very gently 
for many Days before they are ufed. But there 

uae . is 
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is a particular Kind of Talc, or unvitrifiable 


And the 


Fire. 


Affaying 
imperfect. 


Spath-Stone, that being calcined to fine Pow- 
der, as it readily may, and made up with a fmall 
Solution of Vitriol in Water, affords fuch Tefts 
as may be immediately ufed without Danger 
of cracking. 

12. Again; the Flame of a Wind - Furnace 
may be made to play upon the Surface of the 
melted Metal; fo as readily to perform this 
Operation, without the Ufe of Bellows, which 
violently tear away the Silver along with the 
Lead, in the Form of Litharge. And this far- 
ther Convenience may be obtained, that not 
only fmaller and cheaper Wood, but even Pit- 
Coal fhall here ferve for the Fewel; provided 
the Structure of the Furnace be contrived for the 
Purpofe. And in fome Places they have of late 
advantageoufly ufed common Pit-Coal for Teft- 
ing in the large Way; and the fame Improve- 
ments might alfo be made in the {mall Way of’ 
Affaying. 

13. But how improveable foever the Bufinefs; 
of Affaying may be, it is fcarce worth while: 
to intimate in what Particulars it might be im-: 
proved ; becaufe the Affay-Mafters'in all Coun-: 
tries are obliged to make their Affays in the Man-- 
ner peculiar to each Country: Whence we lee: 
one Reafon of the Difagreements, fo frequently’ 
complained of by Merchants, in the Affays made: 
upon the fame Kinds of Ore, in Holland, Ger-. 
many, England, France, &c. ‘The Methods em-. 
ployed for this Purpofe all over Europe are, how-- 
ever, in moft Refpects the fame; but fhould never: 
be trufted, unlefs two or three Experiments att 
leaft, made at the fame Time, by the fame Per-. 
fon, agree in the fame Report. 


14. And 
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14. And perhaps in all Natural Philofophy, &s Dig¢- 

Chemiftry, and Metallurgy, there are no Experi- “- 
ments which require greater Skill, Accuracy, and 
Truth of Work, than thofe in the Art of Aflay- 
ing, to make them fit to be depended upon: 
Nor indeed can fuch Precifion as is here required 

be well expected, but from thofe who are ac- 
quainted with the rapacious Nature of many 
volatile mineral Fumes, and the Methods of fix- 
ing them, or preventing their carrying off the 
nobler Metals upon the Teft. To affay in Per- 
fection alfo requires a Knowledge of the Rela- 
tion and Differences of all the Metals with re- 
gard to each other; and particularly to Lead 
and Antimony. As this Art therefore requires 

- fo much Knowledge, and fo much Accuracy, in 
order to practife it with Succefs ; hence, doubtlefs, 
proceeds the Difficulty we find in procuring a 
true Effay to be made upon any uncommon Ore: 

For the Art of Affaying is extremely backward 

in admitting of Improvements; as if it were 
to defcend unaltered from one Generation to 
another. 


EXPERIMENT MII, 


The Method of feparating Gold from Silver, by 
Quartation. 


‘15. We took.a mixed Mafs of Gold and Sil- Gold /¢pa- 
ver, and melting it along with three or four Palen snot 
p 1808 2 ; red é Silver by 
times its own Weight of pure Silver, we beat the agua for- 
whole Lump, when cold, into a thin Plate; which tis, 
we put into.a Glafs of Proof Aqua fortis *, fet in 
warm Sand; whereby the Silver was foon dif- 


folved, and the Gold let fall in a black Powder 
°& See Led. VIS Exp. VI. 
| tO 
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to the Bottom. The Solution of Silver we now 
carefully poured off, and adding a little frefh 
Agua fortis to the Gold, we ufed a fornewhat 
ftronger Heat than before, in order to diffolve 
any remains of Silver from amongft the Gold- 
Powder. ‘Fhen the Aqua fortis being again de- 
canted, we wafhed the Gold well, in feveral Par- 
cels of fair Water. And now the Goeld-Powder 
was put into a little Say~Cup, and placed under’ 
the Moffle in the Tefting-Furnace til at became 
yeHow. Jt niight otherwife ‘have been melted 
with Borax; which brings it to’ its true Colour 
and Form. We afterwards weighed the Gold, 
to determine the Proportion it bore to the Silver. 
Eattly, we’ precipitaced the Silver out of the qua 
fortis, by fulpending a Copper- Plate therein; 
then wafhed the Calx, and reduced it to its me- 
talline Forty in the fame Manner. 
Ratio. ° 16. The Reafon for adding three or four Times! 
nale. the Quantity of Silver, in Proportion to the mix- 
ed Mafs, is, for fear che’ Mafs fhould contain too 
much Gold to be ‘Gt for the Operation ; or to’ 
foread the Gold contained in the Mafs, and dif- 
fufe it fo thinly, that it may not defend the Silver, | 
as it otherwife would. do, from-the action of the | 
Aqua fortis. And from the proportion of this 
Addition it feems to be thar the Operation: is 
called Quartation. . ! | 
The 17, This Method of feparating Gold and Sil- 
Trouble ver was unknown to the Anctents; who there- 
and Ex- fore feparated Silver from Gold by Calcination ; 
Bay ids and fo loft all the Silver that was mixed with the 
pr” Gold, And indeed the Method by Quartation 
Is expenfive and laborious; fo as not to be very 
ddvantageoufly practifed in the large Way of 
Bufinefs ; though the whole’ has ‘been’ divided in- 
to fuch a Number of Hands,. as. to. make the fe- 
veral Parts come cheap: fome Operators being 
wholly 
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wholly employed in making the Aqua fortis, 
others in purifying it, or bringing it to Proof; 
others in laminating the Silver, and diffolving ir; 
others in feparating and reducing the Calx of the 
Gold ; others in precipitating the Silver with Cop- 
per; and others again in ieparating the Copper 
from the gua fortis. And thus the whole Ope- 
ration has been found to anfwer, fo long as about 
a Dram of Gold could be recovered from a Pound 
of Silver. 
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18. But there are certain Workmen of late, 7;, Ope. 
who have a Methad of feparating Gold from ration im- 
Silver to much greater Profit, without the Ufe Proved, or 
of Aqua fortis, or Aqua regia; and that barely by /“P?/*4ed. 


a dexterous Application or Management of the 


Fire at leaft without any coftly Additions. This 


Method is kept as a Secret, but may, perhaps, be. 


no other than that publifhed by M. Homberg a); 
which confifts in fluxing the mixed Mafs of Gold 
and Silver with equal Parts of rough Nitre and 
decrepitated Salt, placed at the Bottom, of the 
Melting-Pot, By this means the Operation, in 
the large Way, may. be finifhed in a Quarter of 
an Hour, the Gold falling to the Bottom, and 
leaving the Silver fuipended or detained in the 
Salts. Another Way of efiecting this Separa- 
tion may depend upon. a dexterous Ufe of Sual- 
phur, which has the Power of making Silver 
melt away from a metalline Mixture almoft as 
eafy as Lead 4). 


19. But to obtain either Gold or Silver in Gold, bow 
ablolute Purity is no eafy Tafk. For the com- Ze ob- 
mon Ules, indeed, the Methods above. delivered “#"*4/#"¢ 


may ferve; but for the more curious chemical 
and philofophical Purpofes, better Ways than 


a) In the, French Memoirs. 
b) See below § 20, 


are 
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ate commonly known and practifed fhould b¢ 


difcovered. To refine Gold by melting and teft- 


ing ic with Antimony, or Glafs of Antimony, 


is generally, and even by the Pepa Che- 
mifts, thought a perfeét Way ; but M. Homberg * 


has fhewn, that even this Criterion, as alfo Quar- 


tation, Cupelling with Lead, Fluxing with Bo- » 


rax, €9c. may fail, in Cafe the Gold be mixed 


with Emery, or poffibly fome other things. When 
Gold is eager, asthe Workmen call it, that ts, 
brittle, they hold it as a Secret to melt it with 
Mercury: Sublimate. _ But perhaps no Gold can 
be proved to be perfectly pure, till it has gone 
through all the trials hitherto known ; or even 
fome of a more curious Nature; particularly 
melting with crude Antimony, and afterwards 
cupelling the Regulus with Lead; and at laft, 
fufing it wich Borax. Which Procefs we recom~ 
mend to thofe who require Gold in abfolute 
Purity for any Standard, or very curious Ope- 
ration. 

“90. The Methods of obtaining Silver in Pu- 
rity are various, and differ according to the 
Metal wherewith the Silver is mixed or alloyed. 
If Copper be the Alloy, the beft and cheapeft 
Way to purify the Silver is, to calcine it with 
half its Weight of common Sulphur; then melt 


the whole together; and throw into the Pot, at — 
feveral Times a due Quantity of clean and new 


Filings of Lron, which will immediately draw the 
Sulphur from the Silver, and Form a Scoria at top, 
leaving the Silver free from Copper, Iron, or 
Sulphur at the Bottom. 


*® See the French Memoirs. ~ ~*~ = 


ExP.s RI- 


4 
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EXPER ries: Ill. 


Lhe general Method of Affaying and Smelting the 
impurer Metals; Copper, Tin, Lead, and Iron. 


21. We took four Ounces of Lead-Ore re- Lead Ore 
duced to Powder, and mixing it with an Ounce afaed. 
of the clean Filings of pure Iron, and half an 
Ounce of the Black Flux “, we melted them all 
together in a new Crucible fet in a Wind Fur- 

nace. By this Means we found the Lead clearly 
feparated, in a Lump, at the Bottom of the 
Crucible, after it was taken out of the Fire 

and fuffered to cool. : 

22. The Method of thus working in Crucibles, How _ 
and by the Help of Fluxes, is not only too fmall, “4 ™ 
: : : the open 
but alfo too chargeable, to anfwer in the large p;+9. 
Way of Bufinefs: Nor is there any Occafion for 
being confined to this Method; fince Fufion in 
a naked Fire, or in Contaét with the burning 
Fewel, is found to act as a powerful Flux, and 
_ get the Metal out of its Ore with Advantage. 
Fience we every where find that Metals are 
{melted in open Furnaces with a naked Fire. 

And though this hath long been ageneral Pra- 
ctice, the phyfical Reafon of it feems little 
known; infomuch that nothing is found more 
wanting in Philofophical Metallurgy, than the 
particular Hiftory of common Fufion. pr 

23. The Ores of Lead, Tin, Copper, and 7%, Rati. 
Iron, are all commonly fufed in Contact with onale, 
the Fewel of the Furnace; the prepared Ore 
being -at firft ftratified, or intermixed with the 
Wood or Coals : Nor could thefe Ores be any 
other Way fufed in a large Quantity, fo as 


* See Le@. 1. Exp. UL. 
Dd to 
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to acquire a metalline Form, though urged with 
ever fo ftrong a Flame, or beat ever fo violently 
upon by the Fire, while kept from touching the 
Coals, by being included in a large Crucible, 
or Melting Pot, after the Manner that Glafs is 
made; or without adding fome Flux-Powder, 
of an oily or inflammable Nature 4). Even if 
the Ore thus treated were rich, or naturally con- 
tained fome vifible Grains of pure Metal, this 

~ Metal would only remain in almoft the fame 
State as it was, without enlarging its bulk from 
the Reft of the Ore: Whereas if a little pow- 
dered Charcoal be thrown in, or the Ores be 
committed to a naked Wood-Fire, they pre- 
fently refolve into Metal. 


The metal 24. We might obferve in our Experiment of - 


lic Nature Cypellation 4), how extremely apt thete imperfect 
Sains Metals are to receive a deftructive Alteration in 
se cereg, the Fire, or to be burnt and reduced to Afhes, 
or Glafs, along with the Lead; on which Dif- 
pofition of theirs the Art of Cupelling depends. 
But by contriving to melt thele Metals in Con- 


tact with the Coals, their metallic Form is 


oreatly preferved ; efpecially as the ftony, vi- | 


trifiable Matter, wherewith fuch Ores are ufu- 
ally mixed, occafions them, by their clinging 
Nature, to unite more intimately with the glow- 
ing Coals. 

Metalline 25. This Doctrine receives a remarkable Con- 

Caices re- firmation from the ufual Method of recovering 

duced. — Netals burnt to Afhes at the Smelting- Furnace: 
For if the Litharge, blown off in tefting, or 
even the Glafs of Lead, or the Afhes of any 
ether of the imperfect Metals, be barely melted 
in Contaét with Charcoal, they prefently recover 
their metalline Form. And the fame Thing 


a) See Le#. I]. pafim. b) See Exp. I. 
1s 
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18 likewife effected by the Addition of any unc- 
tuous or inflammable Matter; whence it feenjs 
to be the unctuous or inflammable Matter of the . 
Coals, which thus infinuating into the metalline 
Calces, reftores their metallic Nature. And we 
have feveral Times, in the Courfe of thefe Lec- 
tures, had Occafion to obferve the great Affinity 
there is betwixt Oils and Metals *; infomuch 
that their true metallic Form, or their Softnef{s 
and Duétility, feems entirely owing thereto. 

26. There are three Things, therefore, to be Tébree 
principally regarded in the Smelting of Ores , “ings tobe 
viz. (1) the Fufibility of the Metal; (2) the ta 
Fufibility of the Scoria; and (3) the Contact or ag 
Mixture of the metallic Matter with the inflam- 

‘mable Part of the Coals. | 

29. (1) Different Metals run in different viz THe 
Manners from their Ores. Thus Lead, though Fu/fdility 
extremely fufible in the Metal, yet runs with a taeg 
Difficulty from the Ore ; fo as to require a COM panied ix 
fiderable Violence of Fire. This Stubbornnefs, Zead. 
not belonging to the Metal, muit be attributed 
to the ftony, fulphureous, or other mineral Mat- 
ter, wherewith the Ore is mixed; which Matter 
feems to require a Degree of Heat capable of vi- 
trifying the Lead, before the Metal will run: 

* But then the Lead thus vitrified recovers a me-_ 
tallic Form again, by coming in Conta& with the 
Coals. 

28. In the Cafe of our prefent Experiment, 
the Iron-Filings laying hold of the fulphureous 
Parts of the Ore, leave the Lead at Liberty to 
run much fooner, and freer, from the Stone - 

Where alfo the great Degree of Heat communi- 
cated by the Iron-Filings, and their indammable 
Nature, muft have a confiderable Effect, at the 


* Sce Le&, VI, Exp. IL. &9 alibi pafim. 
Dd 2 fame 
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fame Time that they will not incorporate with 
Lead, but float on its Surfacein Fufion. 

Tin, Cop 29. Tin runs from its Ore with greater Eafe 

Hg, and than Lead; and is therefore fmelted in much 

ron. Jefs Furnaces : But Copper requires an intenfe 
Heat, or a Blaft-Furnace; and Iron, the great- 
eft Heat that can be given in a Furnace: and 
both Iron and Copper abfolutely require imme- 
diate Contaét with the Fewel employed. Hence 
it appears, that each Metal muft have its deter- 
minate Degree of Heat, to run it with Advan- 
tage from the Ore or Stone. 

The Fufibi- 30. (2) In order, likewife, to obtain the 

lity of tke Metal from the Ore to beft Advantage, the Sco- 

Slag. via, or Slag, muft be neceflarily made to run 
thin and fluid; otherwife it entangles or invif- 
cates the Metal, and will not let it feparate 
fully. And hence we frequently obferve, in the 
Affaying of Copper Ores, fmall grains of Metal 
interfperfed, here and there, among the Scoria, 
that require to be feparated by ftamping and 
wafhing the whole Mats; which Labour might 
have been prevented, by ufing a fuitable Flux, 
and a proper Degree of Heat, capable of pro- 
curing a thin Fufion ; fo as to have made all the 
Metal fall to the Bottom of the Crucible, which 
it conftantly does when the Operation: is well 
performed. 

31, To promote a thin Fufion of the Slag, in 
the larger Furnace, it is often proper to ufe the 
more foft and fufible Sands as a Flux ; and fome- 
times that Loamy-Sand, which the Smiths em- 
ploy for the Welding of Iron ; this Sand readily 
vitrifying, and adhering to the Metal in the 
Fire : And where it will anfwer the Charge, even 
Litharge, or Drofs of Lead, might be ufed for 
this Purpofe, in the larger Furnaces ; for fcarce 
any ‘Thing procures fo thin a Fufion of the Slag. 

; 32.10 
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32. In the large Work, Sulphur is found to Suipbur 

adhere tenacioufly to Copper; which Metal, 4% /¢a- 
therefore, feldom comes out pure in the Furnace, hit: bc 
without repeated Fufions. ‘The beft Method of is 
feparating this Sulphur is, to ufe a violent 
Heat, no additional Flux at all, and the great- | 
eft Draught of Air that can any Way be procu- 
red; fo that all Things may confpire to burn 
out, or carry off, the Sulphur, and introduce, 
in its Stead, a Thing of a different Nature; viz. 
the inflammable Matter of the Coals; on which, 
as we before obferved, Duétility feems to de- 
pend. But where Iron is mixed with Copper, 
no better Addition is found than Sulphur, and 
the more fulphureous Marcafites ; or what at the 
Smelting Huts they call Marcafite Blocks : For 
the Sulphur which thefe contain caufes the Cop- 
per readily to run away from the Iron, and 
leave it behind in the Furnace. And here the 
Power which Sulphur has upon the feveral Me- 
tals is very remarkable. We before obferved, 
that it renders Silver almoft as fufible as Lead *: 
It alfo greatly increafes the Fufibility of Iron, 
and Regulus of Antimony; but renders Tin 
much lefs fufible than it is of itfelf; and Lead, 
even refractory in the Fire: Whence certain 
Rules might be formed, for the Ufe and Appli- 
cation of Sulphur to Metals, for the Improve- 
ment of Metallurgy. And thus the whole Art 
of Smelting feems to depend upon knowing the 
Degree of Heat required by every Ore; fo as 
to make the Slag, as well as the Metal, run 
thin, and evaporate or difcharge the’ fulphure- 
ous Parts; and, laftly, to introduce the proper 


® Bap Le $18: 


Dd3 metallic, 
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metallic, duéctile Form, by Means of an unctuous 
or inflammable Matter. 
Confequen- . 33+ At feems principally owing to a Defect in 
cesof inar- the Knowledge of Fufion, that 1o many Recre- 
tificial Fu- ments, or Slags, of Metals, anciently thrown, 
an and as ufelefs, from the Furnace, have been wrought 
On to confiderable Profit of late, by more {fkiltul 
Workmen; at leaft ic feems more rational to 
attribute the Succefs to this Caufe, than to any 
fuppofed Growth of Metals in fuch Slags: So 
likewile it. is currently believed, that Lead 
grows rich in Silver, by lying expofed to the 
open Air, or by long covering Churches, or 
other Buildings ; whilift perhaps it is rather ow- 
ing to the Unfkilfulnefs of the former Workmen, 
who were not able to feparate all the Silver na- 
turally contained in Lead. And thus it appears 
certain, that the ancient Metallurgifts were un- 
acquainted with any Way of extracting, to profit, 
a {mall Quantity of Silver out of Copper ; which 
is now commonly done by an ingenious Contri- 
vance *: Whence the ancient Copper found up- 
on Temples, or other Buildings, frequently 
contains Silver. So likewife in the Poreft of Dean 
they at this Day work the Slag of thein old Iron- 
Works over again to Profit. 
Metals to _ 34.Al1 Moifture, as well as too fudden Cooling, 
be care» proves prejudicial to the more ignoble Metals 
Py after Fufion; and fometimes dangerous to the 
cooled, . A 
Operator. A little Water falling upon melted 
Iron or Copper makes them expand with prodi- 
gious Violence, and difcharge themfelves abroad 
with a Force like that-of a Canon: And even 
fudden cooling will often occafion the Surface 
of the Metal to crack, and force the more in- 
_fernal Part, not yet fet or fixed, to iffue out’ to 


* See below, §. 35. 
; a COn- 
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a confiderable Diftance ; whence either Lofs of « | 
the Metal or Mifchief may enfue. . But to pre- 
vent thefe ill Effects, after Cupellation, it 1s 
ufual for the Operator to throw a Quantity of 
Water, all at once, upon the Lump of Silver, as 
it lies in the Teft, at the Moment that it begins 
to grow rigid ; for thus the Water, by its Cold- 
nefs, fuddenly makes fo thick a Cover upon the 
Surface of the Silver, that the hotter infide 
Parts cannot break through the upper 
Whence that fpringing, or fpouting out, of the 
Silver, which we fometimes fee in the {maller 
Way of affaying upon the Teft, when the Metal 
fpontaneoufly cools, is entirely prevented. - 

35. We have already confidered how Gold The igno- 
and Silver are to be feparated when mixed a) ; dlerMétals 
we fhould alfo know how the lefs noble Metals bow fepa- 
may be feparated from one another : This is ee ae 
done either by Means of Fire alone, or by Means ; 
of Lead. Thus Copper, being more fufible viz. Zon 
than Iron, will, in a proper Furnace, melt, and from Cop- 
run entirely from ic; whilft the Iron is not /ér. 
made to flow with the fame Degree of Heat as 
melts the Copper, or elle fticks behind in the 
Slag. ‘After the fame Manner Lead, being ae 
‘more fufible than Copper, readily runs away eee 
from it, in a Furnace kept of a due Heat for 
the Purpofe. A Mixture of Iron and Lead is 
feparated in the fame \ anner; the Iron floating 
upon the Surface of the Lead. Copper, Tin, 
Iron, Antimony, €&c. we before obferved might 
be feparated from Gold or Silver, by tefting 
with Lead 4); but then the ignobler Metals are 
‘Yoft And where only a fmall Proportion of 
Silver is mixed with a large one of Copper, this 
Method would prove ufelefs, or prejudicial : 


lron From 
@ 


Lead, 


a) See Exp, HU. b) Exp. I. 
Dd 4 Nor 
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Nor can a {mall Proportion of Silver be well 
{eparated from Copper, by any Method hitherto 
known; fo as to preferve the Copper pure, or 
eafily recoverable : Whence at the Smelting- 
Huts the Method is, to get the Silver out of 3 
impericct Copper, whilft it ftill remains mixed 
with its~own Sulphur, under the Form of what 
they call Black Copper. This they melt, and 
make to un among a large Proportion of 
melted Lead; then caiting the Mixture out into 
large Blocks, thefe are carried to a particular 
Furnace, and there fet upright, fo as that the 
Fire, being lighted at top, may commodioufly 
play between them. And thus the Lead melts 
away from the Blocks, carrying with it the Sil- 
ver betore contained in the Copper; the Blocks 
of which Metal are now left hollow, porous, 
{pungy, and wrinkled. Thefe exhaufted Blocks 
are then removed to a hotter Furnace, in order 
to be farther drained of their Lead. The latt 
Remains are now, in another Furnace, reduced 
to perfect Copper; and the whole Parcel of 
Lead, thus enriched, committed to the Teft, in 
order to feparate the Silver. 

36. In the fame Manner may Copper Ores be 
aflayed, by tefting them with a fmaller Propur- 


_ tion of Lead than is ufed to Silver Ores; tho’ 


this Operation requires a great Degree of Care 
and L’xactnefs, to prevent the Copper from be- 
ing carried off with the Lead, or vitrified. So 
likewife when Copper happens to be mixed with 
Tron, the beft Method of feparating them, in 
the Way of Effay, is to melt them with Lead; 
which readily imbibes the Copper, but throws 


the Iron to the Surface; where being entangled 


with the vitrified Scoria of the Lead, it may be 
taken off, and the Copper thus brought to a 
great Degree of Purity; though indeed it is apt 

to 
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to lofe a little of irs Du@ility, on Account of fome 
very minute Proportion of Lead, or its Fumes, 
remaining therein. 

37. We have not here confined ourfelves to The Doc- 
the Confideration of one Metal more than ano- ‘rive gene- 
ther; but endeavoured, under the prefent Ex- ral. 
periment, to fhew the Ways of treating all the 
ignobler Kinds, or working them, in the beft 
Manner, from their Ores. It is eafy to apply 
this general Dodtrine, occafionally, to the Treat~. 
ment either of Lead, Tin, Copper, or Iron. 


EXPERIMENT IV. 


The Method of making Prince’s Metal. 


38. We took fix Ounces of Copper, and melt- 4 mixed _ 
ing it in a Wind-Furnace, added to it an Ounce Metal of 
of Zink; then ftirring the whole well together, hs ple 
we immediately poured out the Metal. The” 
Copper and the Zink may be put into the Cru- 
cible together, if firft covered over with the 
Black Flux; which prevents the Avolation of 
the Zink; or preferves its metalline Form. 

39. This is an expeditious Method of making p,,,, 
a fine Kind of Brafs; whereas the common Me- made. 
thod with Lapis Calaminaris requires a confide- 
rable Length of Time, and a violent Fire : For 
this Purpofe they calcine and powder the Cala- 
my ; then mix it with a little Charcoal-duft; and 
to feven Pounds of this Mixture add five of 
_ Copper-Plates; then giving eleven or twelve 
Hours Fire, the Copper imbibes about one third 
of its Weight of the Calamy. ; 

— 40. It is here remarkable that the Calamy, 7, arsine 
though no compleat metallic Body, nor mallea- of Calamy. 
ble, fhould yet concrete along with the Copper, 
fo as not only to increafe its Weight, but alfo to 
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extend with it under the Hammer ; which Zink, 
in making the Prince’s Metal, does not do, 
though it appear in all Refpects of a more me- 
tallic Nature than Calamy. 

41. The Agreements and Difagreements of 
thefe two Bodies, Zink and Lapis Calaminarts, 
may deferve to be farther enquired into, by ; 
particular Experiments. The Inflammability of 
Zink is very remarkable; for it burns durably 
of a bluifh white Flame in the Fire; and thus 
refolves into a white Calx. 

42. Many curious Phenomena, and unexpect- 
ed Refults, happen upon mixing metallic and 
mineral Bodies in the Fire; all which deferve to 
be tried, and noted, as Facts that might at leaift 
dire&t to the, difcovery of feveral new and ufeful 
Mixtures, or Compofitions of Metals. We might 
be encouraged to profecute this Enquiry, by 
thofe pretty Imitations of Gold, lately introdu- 
ced for the making of Watches, Buckles, Cane- 
heads, Snuff-boxes, &c. But perhaps a better 
Imitation of Gold, for thefe and many other 
Purpofes, may be obtained by M, Homberg’s 
Method of treating Copper with Quickfilver : 
For if an Amalgam be made of one Part pure 
Copper, and three Parts Quickfilver ; and the 
Amalgam be boiled in River-Water for two 
Hours; then the Quickfilver diftilled off, and 
cohobated once ; the remaining Copper, being 
now fufed, will be found of a beautiful Gold 
Colour, and more ductile than common Cop- 

er; fo as to become well fitted for Watch- 
work, Gilding, and the finer Machines and 
Utenfils. 


ExperRi- 
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EXPERIMENT V. 


The Method of converting Iron into Steel. 


43. We took a few Pieces of foft Iron-Wire, Stee/made. 
and burying them in a clofe Crucible, full of 
powdered Charcoal, fet the whole in a Wind- 
Furnace, for two or three Hours; then taking 
out the Pieces of Wire we found them changed 
to Steel. 

44. The Method of making Steel has been The az- 
ufually kept as a Secret, and at prefent there «fest Me- 
are but very few Steel-makers in England: The peas 
ancient Method was, to keep flender Bars of Iron 
ignited, for feveral Hours, in a melted Mixture 
of Iron and vitrefcible Sand; then taking out 
the Bars, forging them, and immediately plung- 
ing them, whilft hot, into cold Water; after- 
wards forging them again, till they would eafily 
fnap, and appear white, and of a clofe Texture, 
or Steel-Grain, when broke. 

45. The*prefent Method is, to ftratify a large The madera 
Number of flender Iron Bars with powdered “etbod. 
Charcoal ; to fill a Furnace with them, in the 
- Formofa long Cheft; and then to keep up a ftrong 
Fire, but fo as not to melt the Iron, for two or 
three Days together. And thus at length, when 
the Furnace is cold,-the Bars are taken out 
unaltered in their external Form: Butthey may 
be bhftered according to the Pleafure of the Ope- 
rator, by ufing Quicklime along with the pow- 
dered Charcoal. 

46. The whole Secret of making Steel feems 07 #44 

: ; 1. the Opera- 

to depend upon excluding the Air from the), 7. 
Iron to be wrought upon. Accordingly if a pends, 
large Ball of Iron be kept fo hot, for fome Time, 
that its external Surface fhall melt, and run like 

| , Water, 
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Water, the internal Part of the Ball will, at 
the fame Time, be converted into true Steel. 
And hence appears the Reafon why certain 
Knots, or Spindles, of Iron are fometimes found 
in the Middle of Caft-Work, fo hard that no 
Too! will touch them. 
a/b 47. The Art of Cafe-hardening is a leffer 
bard- | Degree of Steel-making; and is practifed by bak- 
ening- ine Rafors, Files, Knite-Blades, &c. in a Kind of 
Oven, ftratified with powdered Charcoal, Hoofs, 
Horns, and the like, fo as to exclude the Air; 
and thus, by baking, to give a Coat of Steel to 
Inftruments, fome Depth below their Surface. 
The bef 48. But the Making of the beft Steel depends 
Stee!, bow Upon the Nature of the Iron employed, or its 
aede, Ore; and ufually requires a proper Mixture of 
feveral Kinds together, as well as Perfection in 
the Art of Tempering ; which, according as it 
is managed, fuits the Steel for different Ufes. 
Thus Gravers are of one Temper, Drills of an- 
other, Watch-Springs of another, Razors of an- 
other, &@c. Which Tempers are given them by 
being quenched with different Heats in ‘Tallow, 
Water, or certain Liquors, Juices, or the like. 


Axt1oms and CANONS. 


1. We learn from the foregoing Enquiry, 
That different mineral and metallic Matters bear 
different Relations to melted Lead in Fufion: 
Whence fome of them will not mix therewith, 
but float on its Surface; others evaporate, 
and others vitrify with it; whilft Silver and Gold 
remain unaltered by it, and unimpaired *. 

2, That the nobler Metals have nearly the 
fame Relation to Quickfilver, as they have to 


*. Exp, & 
melted 
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mielted Lead; being readily drunk up by them 
both, and thus feparated trom other heteroge- 
neous Matters 4). 

3. That Tefting, in the large Way, is improve- 
able by finding a properer Matter than Bone- 
Afhes for the making of Tefts; by working 
‘without Bellows; and again by ufing Pit-Coal, 
and a well contrived Furnace a). 

4. That the Art of Affaying is hitherto imper- 
- fect; but capable of receiving confiderable Im- 
provements from chemical and mechanical Know- 
ledge @). : 

5. That the troublefome and expenfive Me- 
thod of feparating Gold from Silver by Quarta- 
tion, may be advantageoufly fuperfeded, or fet 
afide, by Means of Fufion, or a dexterous Ma- 
nagement of the Fire @). 

6. That Gold and Silver are rarely rendered 
abfolutely pure, or feparated from al! other 
~ Kinds of metallic or mineral Matters ; and that 
to purify them to fuch a Degree requires the Ufe 
of better Methods than thofe commonly employ- 
ed: though the Thing is ftill performable by 
Art, and a fuitable Procefs 4). 

7. That the particular Hiffory of common metal- 
lic Fufion is wanting, for the Improvement of 
- Metallurgy c). 

8 That when the Ore of an imperfect Metal 
is in immediate Contact with the Fire or Fewel, 
it yields more and better Metal, than when con- 
tained in a Crucible, or kept from touching the 
Coals c). 

*g. That a languid Fire leffens the Yield of an 
Ore ; but a brifk one, if not too long continued, 
increafes it d). 


a) Exp. 1. b) Exp. II. ey) xp, I: @) Ibid. 
See alfo Lect. XVII. 


10, That 
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10. That the Bufinefs of Smelting in Perfee- 
tion depends (1) upon ufing a Degree of Fire 
fuited to the Ore; (2) procuring a quick and 
thin Fufion of the Scoria; and (3) a clofe Con- 
tact of the Metal with the Fewel, or Coals, em- 
ployed a). 

i1. That Sulphur has different Effects upon. 
the different Metals; which Effects being well 
noted, Rules of Practice might be thence deri- 
ved, for the farther Improvement of Metal- 
lurgy 4). . 

12. That metalline Recrements, or the Slags 
of Metals once {fmelted, have been wrought over 
again to profit, on Account of the imperfect Man- 
ner wherein the Ores were originally treated for 
their Metals a). 

13. That the ignobler Metals are feparable 
from each other by the Application of proper 
Degrees of Heat; fo as to make the more fu- 
fible melt away from the lefs fufible; at leaft 
with the Affiftance of Lead a). 

14. That all Metals are reducible, by burn- 
ing, or Calcination, to terreftrial Powders, or 
Caices ; which, by being melted with any in- 

- flammable Matter, afflume their metalline Form 
again @). 

15 That the great Enemies to Duétility, or 
the true metallic Nature, are Sulphur, Cobalt, 
and ‘Things compounded thereof 4) ; but that all 
unctuous or inflammable Bodies are friendly to 
Metals, and promote or reftore their Ductility, 
when melted therewith c). 

16. That Copper may be made to approach 
the Colour of Gold, and at the fame Time not 
lofe, but increafe, its Ductility, by being amal- - 
gamated with, and diftilled from, Quickfilver ; 


a) Exp.UIl, 6) Exp. UL. See alfoLe#.XVII, c) Exp. II. 
and 
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and that probably many artificial or compound 
Metals are difcoverable, by mixing various me- 
talline and mineral Bodies together ; ; foas greatly 
to enrich and improve the Art of Metallurgy a). 

17. That Steel is made by a proper Applica- 
tion of Fire to Iron, in a clofe Place, fo as to pre- 
vent the open Air from communicating freely 
with the Iron 8). 

18. That Metals receive particular Alterations 
in their Texture or Confiftence, according to 
the Nature of the folid Subftance or Liquor, 
wherein they are quenched or cooled. 3). 

19. That, in general, Ores are no more than 
a natural, loofe Mixture of metallic Matters, 
along with earthy and fulphureous ones : Whence 
artificial Ores may be readily made, by calcining 
a Metal with Sulphur, and mixing it with Earth ; 
fo as, with Heat, to form folid Lumps of Ore, 
refembling thofe Dug out of Mines c). 

20. That numerous Experiments remain to be 
made, Facts of Nature, or Obfervations, to be 
regiftered, and Relations of Bodies to be found, 
before this ufeful Subject of Metallurgy can be 
brought to Perfection d). 


a) Exp. IV. by: Beg Ms c) See Lect, XVII. and 
XVIII. pafin. A) Exp DT AT IV We oe 
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EEG TU RoE © XX: 


CONTAINING 


PyRoTECHNY; or Experiments relating to | 
Gunpowder, Explofions, and Phofphori. 


the Nature of Gunpowder, Explofions, 
and Pho/phori,; and to try if any ufeful 
Dofrine or Difcoveries may be thence derived, 
for the Improvement of Chemiftry and Natural 
Philofophy. We therefore propofe (1) to examine 
into the Nature and Compofition of Gunpowder, 
with the Ways of trying and improving it; 
(2) to fhew fome of the more remarkable Kinds 
of Explofions ; (3) to examine fome of the more 
eminent Pho/phori ; and (4) to deliver the Doc- 
trine pointed out by this Kind of Experiments. 
The Intent 2s OUR frft Experiment, therefore, will fhew 
of the Ex- the Method of making Gunpowder; our /écond 
periments. the Method of making the Palvis and Aurum 
fulminans; our third, a Method of producing 
Heat and Fire by the Mixture of Sulphur and 
Iron Filings ; our fourth, a Method of produ- 
cing Corufcations with Oil of Vitriol and Iron 
Filings ; our fifth, a Method of producing Fire 
and Flame by the’ Mixture of two cold Li- 
quors ; and our /ixth Experiment will fhew the 
Method of making the liquid Phofphorus of 
Urine. 


TheDefign, x, a HE prefent Defign is to enquire into 


EXPERI- 
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ExPERIMENT I. 


The Method of making Gunpowder. 


t. We took four Ounces of refined Salt- Petre, Gunpew- 
an Ounce of Brimftone, and fix Drams of er made. 
Small-Coal; thefe we reduced to fine Powder, 
and continued beating them, for fome Time, 
in a Stone-Mortar, with.a Wooden Peftle ; 
wetting the Mixture, between whiles, with Wa- 
ter, fo as to bring the whole into an uniform 
Pafte; which we then reduced to Grains, by 
paffing it through a Wire-Sieve fit for the Pur- 
pofe : And in this Form, being carefully dried, 
it became the common Gunpowder. 

2. We formerly fhewed the Way of refining vVjrre few 
Salt-Petre for the making of Gunpowder *. In pulverized 
order to reduce this Salt to Powder, they dif- readily. 
folve a large Quantity of it in as {mall a Propor- 
tion cf Water as poffible; then keeping it con- 
tinually ftirring over the Fire, till the Water 
exhales, a white dry Powder is left behind. 

3. In order to purify the Brimftone employed, 77¢ Sal 
they diffolve it with a very gentle Heat; then ae puri- 
fcum and pafs it through a double Strainer. If?” 
the Brimftone fhould happen to take Fire in the | 
melting, they have an Jron-Cover that fits on 
clofe to the melting Veffel, and damps the 
Flame. ‘The Brimftone is judged to be fuffi- 
ciently refined, if being put between two hot Iron 
mates, it welts into a Kind of red Subftance, 
without yielding any fetid Odour. 

4. The Coal for the making of Gunpowder, The Cyat 
is either of Willow or Hazel, well charred prepared. 
in the ufual Manner, and dace to Powder : 

And thus the Ingredients are prepared for mak- 


* See LeG. XIII, i, 
Ee Sone 
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ing this Commodity. But as thefe Ingredients 
require to be intimately mixed, and as there 
would be Danger of their firing if beat in a dry 
Form, the Method is to keep them continually 
moift, either with Water, Urine, or a Solution 
of Sal-Ammoniac, and to continue thus ftamp- 
ing them together for 24 Hours; after which 
the Mafs is fit for corning, and drying in the 
Sun or otherwife, fo as feduloufly to prevent 
its firing. ne 

5. The explofive Force of Gunpowder is now 
a thing commonly known ; but the phyfical Rea- 
fon thereof may not, perhaps, be hitherto fuf- 
ficiently underftood. In order to explain it, 
let us obferve (1) that Salt-Petre, of itfelf, 
is not inflammable ; and though it melts in the 
Fire, and grows red hot, yet it does not explode, 
ualefs it comes in immediate Contact with the 
Coals; (2) that Brimftone eafily melts at the 
Fire, and than readily catches Flame; (3) that 
powdered Charcoal readily takes Fire, even from 
the Sparks yielded by a Flint and Steel; (4) that 
if Nitre be mixed with powdered Charcoal, and 
brought in Contact with the Fire, it burns and 
flames ; (5) that if Sulphur be mixed with pow- _ 
dered Charcoal, and Fire applied to it, part 
of the Sulphur burns flowly away, but not much 
of the Charcoal; and (6) that if a lighted Coal 
be applied to a Mixture of Nitre and Sulphur, 
the Sulphur prefently takes Fire, with fome De- 
eree of Explofion, leaving a Part of the Nitre 
behind ; as we fee in making the Sa/ Prunella 
and Sal Polychreftum. 

6. Thefe Experiments duly confidered may 
give us the chemical Caufe of the ftrange explo- 
five Force of Gunpowder : For each Grain of 
this Powder confifting of a certain Proportion 


of Sulphur, Nitre, and Coal, the Coal prefent- 
ly 
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ly takes Fire, upon Contaét of the {malleft Spark ; 
whereupon both the Sulphur and the Nitre 
immediately melt, by Means of the Coal inter- 
pofed between them, and burft into Flame ; 
which, fpreading from Grain to Grain, propa- 
gates the fame Effect almoft inftantaneoully ; 
fo that the whole Mafs of Powder comes to be 
fired: And as Nitre contains a large Proportion 
both of Air and Water, which are now violent- 
ly rarefied by the Heat, a Kind of fiery explofive 
Blaft is thus produced; wherein the Nitre 
feems, by its aqueous and aerial Parts, to ac&t 
as Bellows to the other inflammable Bodies, Sul- 
phur and Coal, blow them into a Flame, and 
carry off their whole Subftance in Smoak and 
Vapour. | Gi 

7. The Difcovery of this Compofition was acci- It Difte- 
dental, and perhaps owing to that common Ope- #1. 
ration. of fulminating Nitre with Sulphur, for 
the making of Sal Prunelle. It appears to have 
been known long before the Time of Schwartz, 
as being particularly mentioned by Friar Bacon. 

8. The three Ingredients of Gunpowder are The Ingre- 
mixed in various Proportions, according as the 4eats dif- 
Powder is intended for Mufquets, Great Gana J"? 
or Mortars: Though thefe Proportions feem We or 
not to be hitherto perfectly adjufted, or fettled 
by competent Experience. 

_ g. There are two general Methads of examin- How tried 
ing Gunpowder; one with regard to its Purity, 7% '¢ pe- 
the other with regard to its Strength. Its Purity 

is known, by laying two or three little Heaps 

near each other upon white Paper, and firing 

one of them; for if this takes Fire readily, and 

the Smoke rifes upright, without leaving any 
Drofs or feculent Matter behind, and without 
burning the Paper, or firing the other Heaps, 

it is efleemed a Sign that the Sulphur and Nitre 

m Ee 6 were 
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were well purified; that the Coal was cood ; 
and all the three Ingredients were thoroughly 
incorporated together. But if the other Heaps 
alfo take Fire at the fame Time, it is prefumed 
that either common Salt was mixed with the 
Nitre, or that the Coal was not well ground, 
or the whole Mafs not well beat and mixed 
together; and if the Nitre or Sulphur was not 
well purified, the Paper will be black or {pot- 
ted. 

10. In order to try the Strength of Gunpow- 
der, there are two Kinds of Inftruments in Ufe ; 
but neither of them appear more exact than the 
common Method of trying to what Diftance a 
certain Weight of Powder will throw a Ball 
from a2 Mufquet. 

11. To increafe the Strength of Powder, it 
feems proper to make the Grains confiderably 
large, and to have it well fifted from the {mall 
Duit. We fee that Gunpowder reduced to 
Duft has little explofive Force; but when the 
Grains are large, the Flame of one Grain has 
a ready Paffage to another, {0 that the whole 
Parcel may thus take Fire nearly at the fame 
Time; otherwife much Force may be loft, or 
many of the Grains go away, as Shot, unfired. 

12. It fhould alfo feem, that there are other 
Ways of increafing the Strength of Powder ; par- 
ticularly by the Mixture of Salt of Tartar: But 
perhaps it may be improper to divulge any Thing 
of this Kind, as Gunpowder feems already fut- 
ficiently deftructive. | 

13. There has been much talk of a white Pow- 
der; which, if it anfwered the Character given 
it, might be a dangerous Thing: For tis pre- 
tended that this white Powder will throw a Ball 
as far as the Black, yet without making any Re- 
port. But none of the white Powder a we 

ave 
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have feen anfwers this Character; being, as 
we apprehend, commonly made either with 
Touch-wood or Camphire, inftead of Coal. The 
moft dangerous white Powder, if it may be fo 
called, is condenfed Air; which, though able 
to difcharge a Ball, with great Force, to a.con- 
fiderable Diftance, makes not a loud Report; 
efpecially when not violently condenfed, as it 
need not be to have pernicious Effects, 

14. And how far Wind-Guns are improve- Wind- 
able, has not, perhaps, been well confidered. Guns. 
Some of them we have feen difcharge a great 
Number of Bullets fucceffively ; even the laft 
whereof would go through an Inch-Plank, at 
the Diftance of feveral Yards: So that this 
Machine might anfwer the fame End as a Mul- 
quet. But whether it be practicable te make 
great Guns in the fame Manner, is another Con- 
fideration; and chiefly depends upon finding a 
Spring fufficiently ftrong to refift the violent 
Force wherewith Air might be condenfed by the 
Ufe of a Winch, &e. 


ExPERIMENT MII. 


The Pulvis and Aurum fulminans prepared. 


1g. We took. three Ounces of purified Nitre, Pulvis ful- 

two Ounces of Salt of Tartar, and one Ounce minans 
of Brimitone, and ground them well together ?7a7e# 
in a Mortar; then putting a {mall Quantity, as 

about half a Dram, of this Powder upon an 

Iron Plate, and placing it over'a gentle Fire, as 

foon as the Powder juft began to melt, it made 

_ afmart and loud Exxplofion. 

16. The moft philofophical Way of accounting ys Ege 
for this Effect of the Pulvis fulminans, is by fup- accounted 
pofing that the acid Spirits of the Nitre and /” 

62 Sulphur 
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Sulphur, being loofened by the Heat, ruth to- 
wards one another, and towards the Salt of 
Tartar, with fo great a Violence, as, by the 
Shock, at once to turn the whole into Vapour 

and Fume. 
Aurum 17. We diffolved a few Grains of fine Gold 
fulminans in Aqua-Regia, precipitated the Solution with 
prepared. Salt of Tartar, and thus obtained a Powder, 
which we dried with a very gentle Heat. A 
fingle Grain of this Powder being laid upon 
the point of a Knife, and held over a lighted 
Candle, prefently went off, with a very brifk 
and loud Report. | 
lisodd | 18. This Aurum fulminans has other remark- 
Properties. able Properties ; for (1) it does not, like the 
Pulvis fulminans and Gunpowder, require the 
Application of actual Fire to make it explode ; 
but though prepared with two of the moft fixed 
Bodies, Gold and Salt of Tartar, yet is fo vo- 
latile as to fly off, and give this loud Report, 
with a lefs Degree of Heat than fuffices to kindle 
any of the moft inflammable Bodies ; or even by 
being ftrongly rubbed in a Mortar, or dried on 
a hot Furnace: (2) It exerts its explofive Force 
in vacuo, as well as in the open Air; and when 
made to explode in the exhaufted Receiver, a 
fine Gold Duft has been found fticking to the 
Sides of the Glafs. (3) The Addition of a little 
Brimftone to this Powder takes away its fulmi- 
nating Property ; fo that after having been melt- 
ed therewith, the Gold is fet loofe, and may be 
eafily recovered, in its native form, ‘by fluxing it 

with Borax. 
ThRétio- 19. Hence it fhould feem that the Body-of the 
nale. Gold in this Powder is fubtilely divided by the 
Action and Interpofition of the Parts of the com- 
pound Menftruum ; which Menftruum being of 
: an 


Of Pyrotechny. < 423 
an aqueous and aerial Nature, and its Parts 
-clofely wedged in betwixt the fine ponderous 
Parts of the Gold in the Aurum fulminans, when 
this Powder comes, any way, to feel fuch a De- 
gree of Heat as fuffices ftrongly to rarify and 
expand the aqueous and aerial Particles, they 
burft with Violence from their Prifons, and fcat- 
ter the dufty Particles of the Gold around. 


EXPERIMENT MIII. 


The Produttion of Heat and Fire, by the Mixture of 
Sulphur and Iron-Filings. — 


20. We took two Pounds of clean Iron-Fil- The fring 

_ ings, and as much common Brimftone, and beat- Mixtureof 

ing them together for fome Time, in a Mortar, eee 

with the Addition of Water, we brought the aiud: 

whole to a Kind of Pafte; which being clofe 

preft into an earthen Pot, and fet in a Chim- 

ney, it in a fhort Time begun to grow hot, and 

at Length took fire. 

a1. This Mixture never fails to take Fire, if ee 
the Quantity be large ; but if it be fmiall, the 

Pafte only heats and cracks, in feveral Places, 

fo that hot Vapours iffue out thereat. But if 

the Heat continues fufficiently long, the whole 

Mafs will be changed into one uniform Sub- 

ftance ;. which, being ground and boiled in Wa- 

ter, affords good Vitriol of Iron *: Whence it 

is manifeft, that the Acid naturally contained 

in the Brimftone enters the Body of the Iron, 

and diffolves it. This Action may therefore be 

the Caufe of the Effect ; efpecially if we confider 

that Sulphur confifts of an unctuous or inflam- 


® See below §. 26. 
Ee 4 miable, 
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mable, as well as an acid Part : For this inflam- 
mable Part of the Sulphur, doubtlefs, takes Fire 
in the violent Confliét betwixt the Iron and the 
Acid of the Sulphur. 

22. This Experiment, if duly attended to 
and applied, may, in the ufual Way of Philo- 
fophers, account for feveral Phenomena of Na- 
ture ; fuch as burning Mountains, fubterraneous 
Fires, Earthquakes, hot Baths, é€@c. Thus, for 
inftance, as there are large Quantities-of Iron- 
Stone, and Sulphur, found in the Bowels of the 
Earth ; as alfo Marcafites, which are a Mixture 
of the two; when thefe come to be wet, as 
they may, on many Occafions, with Water, ’tis 
eafy to conceive, that they muft heat, fwell, fer- 
ment, explode, and yield a hot Steam or Va- 
pour, which forcing its Way through certain 
Caverns of the Earth, fhall produce Earth- 
quakes, or violent Strugglings, of longer or 
fhorter Duration, till the Force finds vent, or 
expires through fome Cranny into the Atmo- 
fphere.. Sulphureous Vapours certainly abound 
in the Bowels of the Earth, and ferment, and 
conflict with Minerals, fo as to take Fire, and 
make fudden Corufcations, or Explofions ; and 
if confined in the Caverns of the Earth, fome- 
times burft and fhudder thofe Caverns to Pieces. 
At which Time the hot Vapours, generated by 
the Explofion, and expiring through the Pores 
of the Earth, may raife Tempefts and Hurri- 
canes, or make the Ground fink into Chafms, 
or the Sea boil up in certain Places. ‘Thefe ful- 
phureous Vapours at other Times afcending into 
the Atmofphere, may there ferment along with 
other Matters, take Fire, and thus Occafion 
Thunder, Lightning, the Aurora Borealis, and 
other fiery Meteors: At leaft this feems one 

probable 
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probable Caufe of fuch Effects, and has a Founda- | 


e e \ 
tion in Nature *, 


EXPERIMENT IY. 


Corufeations produced by means of Oil of Vitriol 
| and Iron. 


23. We took a cut Body, capable of holding Artificial 
two or three: Quarts; and put into it three “r#/4- 
Ounces of Oil of Vitriol, and twelve of com-? 7” 
mon Water ; then warming the Mixture a little, 
we threw in, at feveral Times, two Ounces, or 
more, of clean Iron-Filings ; upon which an 
Ebullition, and white Vapours, arofe; then pre- 
fenting a lighted Candle to the Mouth of the 
Body, the Vapour took Fire, and at the fame 
Time afforded a bright Fulmination, or Flath 
like Lightning. The Candle being feveral Times 
applied, in the fame Manner, afforded the like 
Corufcation ; during which we fometimes found 
the Glafs filled with a Flame that reached, and 
circulated, to the Bottom of the Liquor; and 
fometimes the Flame only rofe into the Neck of 
the Glafs. 

24. [his Experiment will not fucceed, unlefs Cautions. 
the Oil of Vitriol be largely diluted with Wa- 
ter, to make the Menftruum fit for diffolving 
the Metal. *Tis alfo requifite to heat the Li- 
quor a little; in order to promote the Solution, 
that the Vapour may afcend the freer: But if 
the Liquor be too hot, the Vapour will rife too 
faft; and fo, when the Candle is applied, only 
take fire in the Neck of the Glafs, without mak- 
ing any remarkable Fulmination. | 


_ * See Sir [zac Neawvton’s Queries, at the End of his Optics ; 
and M. Lemery’s Paper upon the Subjeét, in the French Me- 


IITs. : 
25. This 
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Rationale. 25, This Experiment appears to have a great 
Affinity with the preceding, and to depend upon 
nearly the fame Principle; the Oil of Vitriol 
being a very powerful Acid, correfponding to 
that of Brimftone; and Iron, in itfelf, con- 
taining fomething that is properly fulphureous, 
or infammable. It fhould feem, however, that 
it is not the Sulphur of the Iron alone, but 
that fome fulphureous Part of the Oil of Vi- 
triol alfo contributes to the Effect, for Spirit of 
Nitre, or Aqua fortis, being ufed in this Cafe, 
sroduce no Fulmination : But the Spirits of Salt, 
of Sulphur, and of Allum, which are all ful- 
phureous, have here the fame Effect as Oil of 
Vitriol. 

Difcovery 26. The Experiment feems to have been ac- 

and Uf. cidentally difcovered, by inadvertently approa- 
ching a Candle near the Mouth of the Glafs, 
whilft Iron was diffolving in diluted Oil of Vi- 
triol, in order to make the common Vitriol of 
fron; for if what remains in the Glafs after the 
Fulmination is over, be boiled, filtred, evapo- 
rated, and cryftallized, it affords this Vitriol in 
great Perfection, like what we before obferved 
of the Mixture of Iron-Filings and Sulphur a). 

27, We would recommend it to the curious 
in Chemiftry, to endeavour to collect, and, if 
poffible, to condenfe, a Quantity of the fulphu- 
reous Vapour generated in the prefent Experi- 
ment: For this Vapour has not the fetid Smell 
‘of Brimftone ; but is, perhaps, fomewhat like 
that volatile, aerial Spirit, which gives Virtue to 
tertain mineral Waters 4). 


a) See above, §. 22. 
4) See Hoffman of Mineral Waters. 


EXxpERI* 


Of Pyroteehny. 429 


-ExPeR IMENT ae 


Fire msi Flame produced by the Mixture of two 
cold Liquors. 


28. We took two Drams of {trong and freth 0,7 of 
Spirit of Nitre, prepared with Oil of .Vitriol, Cloves and 
and putting it into a clean and dry four Ounce Mire a 
Gally-Pot, we fet it under a Chimney; then ,7 ae 
immediately, and at once, poured to it a Dram 
of the true effential Oil of Indian Cloves; and 
there was inftantly produced a loud Noife, a 
violent Conflict and Ebullition, with a confide- . 
rable Flame; which being extinguifhed, a refi- 
nous Subftance, or actual Rofin, was found at 
the Bottom of the Gally-Pot. 

29. To render this Experiment (ale: (1) it Cautions. 
ought to be performed under a Chimney that 
may carry up the offenfive Vapour; (2) the 
Oil fhould be poured from a Phial fixed at the 
end of a Stick, to prevent any of the fiery Mat- 
ter from flying upon the Operator: And to 
render it fuccefsful, (1) the Spirit of Nitre 
fhould be ftrong, and frefh drawn; (2) the 
Oil fhould be genuine ; (3) the Veffel wherein 
the Mixture is made fhould be perfeétly clean, 
dry, and Jarge enough to give the Matter room 
_to fwell; (4) the Oil fhould be poured in at 
once, to make the more expeditious Mixture. 

30. This Experiment is neither confined to Exsended. 
one certain Oil, nor to one certain Acid; the 
diftilled Oil of Saffafras, Guajacum, Box, Fa- 
maica Pepper, Cinnamon, or even the empyreu- 
matic Oils of Hartfhorn, Blood, €¢. will ferve 
the Purpofe; or, in general, any thin, effential 
Oil, thickened with Balfam of Sulphur, &c. fs or 

ome 
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fome Degree of Thicknefs or Tenacity in the Oil 
feems a primary requifite, to make it explode 
with Spirit of Nitre; and for acid Spirits, Oil 
of Vitriol, and moft of the other acid Spirits 
highly rectified, will produce Flame with the 
aromatic Indian Oils, if unadulterated. 

31. The Experiment is made to give the great- 
er Surprize when Gunpowder is fired by pour- 
ing a cold Liquor upon it; for if Gunpowder 
were put to the Oil, this alfo would be fired, 
upon pouring in the Spirit of Nitre. Hence it 
may feem ftrange that Camphire, which is an 
exceeding inflammable Subftance, fhould not 
take Fire when added to the Oil, and treated 
as the Gunpowder. The Reafon ieems to be, 
that Camphire contains an Acid; and therefore 
when diflolved in the Oil, fomewhat anticipates 
or leffens the Force of the Spirit of Nitre that 
is afterwards applied ; fo that the Shock betwixt 
the two is not now great enough to produce 
Flame: For in the Shock, or violent Conflict 
betwixt a {trong Acid and a thick Oil, divefted 
of Acid, the Fire and Flame in the Experiment 
appear to be produced. ; 

32. Nor is the Effect leffened when the Expe- | 
riment is performed é# vacuo; where half a Dram | 
of Oil of Carraway-Seeds, and a Dram of Spirit: 
of Nitre, have made a Flafh like Gunpowder, , 
and burft the exhaufted Receiver, a Glafs fix: 
Inches wide, and eight deep *. This is a very’ 
extraordinary Effect; as differing from moft : 
other faming Bodies, which rather deftroy than) 
generate Air: But here muft be a large Quan- 
tity of Air, or fomething of equal Force, gene-- 
pated by the exploding Mixture, in order to) 
balance and over-power the external Preflure 5: 


* See Sir [aac Newton's Queries at the End of his Optics. 


which | 
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which in this Cafe was feveral hundred Weight. 
Hence it fhould feem that the Force of our explo- 
five Mixture is much greater than that of Gun- 
powder; which will not explode zz vacuo, nor, 
even with the Affiftance of the Air, produce any 
thing like fuch an Effect. It may therefore be 
worth confidering, whether fo great a Power 
could not be applied to: fome. ufeful Purpofe. 
The Mixture might be made cheap, by ufing 
any of the grofs and ponderous empyreumatic 
Oils, inftead of the effential Kind. ) 


ExpERIMENT VI. 
The liquid Phofphorus of Urine. 


33. We took half a Dram: of Camphire, and s.ii¢ Pio 
ground it in a Glafs Mortar, with three Grains pborus 
of the folid Pho/phorus of Urine; then added as7%4# 
much effential Oil of Cloves as ferved to reduce” 
the whole to a fluid Form. ‘The Mixture thus 
made may be rubbed upon the Cloaths, the 
Hair, or the Hands, without Danger of burn- 
ing @). , 

34. Chemiftry hath fcarce afforded any Thing rior of 
more furprizing than the common Pho/phorus. Phojphe- 
To fee Letters traced with this Matter become”: 
luminous in the dark, Images and the Bodies of 
Men to blaze with Light, and. Abundance of the 
‘like Experiments performed by Means of Pho/- 
phorus, made many Perfons curious to know how 
itwas maded). The Preparation indeed feems 
even to this Day kept as a gainful Secret in few 
Hands, and the Matter is fold at a very great 
Price; Whence we apprehend it would be of 


a) See below under § 43. No, 11. 
b) See M. Homberg’s Papers on the Sabject. 
| fingular 
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fingular Service to Chemiftry, to render this 
Commodity cheaper, and difcover its farther 
Ufes. 

35. With this view we fhall here touch a 
little upon the Hiftory of this Pho/phorus, com-— 
monly called Kunckell’s Phofphorus, or the Pho/- 
phorus of Urine. It was difcovered by accident : 
One Brand, an obfcure Chemift of Hamburgh, 
ftumbled upon it as he was fearching after the 
Philofophers Stone, which he firmly believed 
lay concealed in Urine. This Subject therefore 
he tortured a thoufand Ways; and at length, 
after a violent Diftillation, found a fhining Mat- 
ter, fince called Phofphorus, in his Receiver. 
This Matter was fhewn to Dr. Kunckell , but 
the Procefs was concealed from him. — Soon af- 
ter this Brand died; and Kunckell reflecting that 
Brand worked wholly upon Urine, he continued 
to work upon the fame Subject himfelf for four 
years together; and at length, in the year 
1679, found the Thing he fought after. Doctor 
Kraft has ufually paft for the Inventor of this 
Pho/phorus, he being the firft that carried it 
abroad : but he only diftributed it for Dr. 
Kunckell, being at that Time unacquainted with 
the Preparation. 

36. The fuccefsful Method of making it is 
this : Evaporate any Quantity of frefh Urine 
over a gentle Fire, to a black, and almoft dry, 
Subftance; then with two Pounds thereof tho- 
roughly mix twice its Weight of fine Sand; put 
the Mixture into a ftrong coated Retort of 
Stone; and, having poured a Quart or two of 
clear Water into a large Receiver with a long 
Neck, join it to the Retort, and work in a na- 


‘ked Fire ; let the Heat be fmall for the two firft 


Hours then increafe it gradually to the utmoft 
Violence: and thus continue for three or four 
Hours 
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Hours fucceffively. At the Expiration of that 
time there will pafs into the Receiver a little 
Phlegm and volatile Salt, much black fetid Oil, 
and laftly the Matter of the Pho/phorus in Form of 
white Clouds, which will either ftick to the Sides 
of the Receiver like a fine yellow Skin, or fall 
to the Bottom in Form of a {mall Sand. Now 
let the Fire go out; but take not away the 
Receiver before it is cold, for fear of fetting the 
Phofpborus on fire, by admitting the Air. To 
reduce thefe {mall Grains into one Piece, put 


them into a little Tin Ingot-Mould, along with , 


fome Water; heat the Ingot, to make the Grains 
melt together; then add cold Water, till the 
Matter is congealed into one folid Stick, like 
Bees-Wax; which being cut into little Pieces 
fit to enter the Mouth of a Phial, may be pre- 
ferved by Water, and by keeping the Glafs clofe 
ftopped. If the Glafs be not kept ftopped, the 
Pho/phorus will turn black on its Surface, and 
at length be fpoiled. 
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37. The Cautions required to make the Pro- Cautions. 


cefs fucceed are, (1) to evaporate the Urine, 
while it is recent; (2) to prevent its boiling 
over, and fo lofing the moft unctuous Part ; 
(3) to let the Matter afterwards Ferment in the 
cold: (4) to mix the black Matter with Sand, 
to prevent its melting and running together ; 
(5) to ufe a Stone Retort, thofe of Earth being 
too porous, and fuffering the Pho/phorus to tran- 
fude fooner than pafs into the Receiver; (6) to 
have the Receiver very large, and with a very 
long neck, to prevent its breaking and over- 
Keating, which would either evaporate the white 
Vapour wherein the Pho/phorus confifts, or elfe 
prevent its coagulating ; (7) to put Water into 
the Receiver, for keeping it cool, and quench- 
ing the Pho/phorus, as it falls to the soar 

| (8) to 
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(8) to make.the Fire fmall at firft, that the Re-- 
tort may be preferved, and the black Matter 
gradually dried, which would otherwife fwell,. 
and come over in a black Froth; Lafly, it is 
found neceffary, that the Urine for the Opera- 
tion be of fuch as ufe Malt-Liquors, rather 
than Wine. All thefe Circumftances being re- 
quired for obtaining the Pho/phorus to advantage, 
no wonder if fo many have mifcarried in their 

Attempts to make it. 
The Proce; 38+ Lhis Operation may be greatly fhorten- 
Jrortened, eA, by freezing and concentrating frefh Urine, _ 
afterwards evaporating it with care, and then di-_ 
gefling it per fe insthe Manner above mentioned. 
When thoroughly, digefted, commit the Matter, 
in a large Quantity, to.an- Iron Pot, with an 
earthen Head, asthe Chemifts ufually do for 
making Spirits of Hartfhorn, or the Spirit and 
Salt of Urine. When all the Salt and Oil are 
thus obtained, let the Caput mortuum be taken 
out, and mixed with twice its own Weight of 
Alum. This Matter may now be put into a 
well coated Long-Neck, and worked with care 
in a Reverberatory-Furnace, into very large 
Receivers, filled with Water, and connected to 
the Long-Necks by Adopters; the lower Ends 
whereof fhould enter the Water, as in diftilling 
Quickfilver, and the Operation be continued 
for eight or ten Hours. And this we apprehend 
to be the beft Way hitherto known of procuring 
Phofphorus to Advantage. Dr. Wall informs us 
that Mr. Boyle, concerned to find how {mall 
a Proportion of Phofphorus was afforded by 
Urine, defired him to look out for another Sub- 
ject that might afford it in greater Plenty. ‘The 
Doctor afterwards caufing a Piece of dry Matter 
to be dug up in the Fields where Night-men 
emptied their Carts, he obferved a great Num- 
ber 
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bet of fmall Particles of Phofpborus therein. 
This Matter the Doétor immediately carried to 
Mr. Boyle, who fet Bilgar the Chemift to work 
upon it: But he could obtain very little Pho/- 
phorus from it, till another Material was added 
thereto in Diftillation; and then he procured 
Poofpbhorus in fach plenty that, felling large Quan- 
tities at fix Guineas the Ounce, he foon became 
fich and left Eagland *. The Matter which 
thus fixes and increafes the Pho/phorus, we appre- 
hend to be Alum; which is itfelf not only in 
fome Meafure prepared from Urine, but appears 
to afford the fame Kind of Acid that Pho/phorus 
yields by burning. For upon its Analyfis, Pho/- 
phorus appears to be a Compofition of a ftrong 
Acid and an inflammable Matter united, exactly in 
the Manner of common Brimftone; whence it may 
not improperly be called an aximal Sulpbur : 
And accordingly, like common Brimftone, it will 
burn under a Glafs Bell, and afford Flowers 
which, by attracting the moifture of the Air, be- 
come an acid Liquor like Oleum Sulpburis per 
Campanam. 


#33 


39. And in this Manner it has been ufed, fo as Farth’r 
to produce extraordinary Changes upon Metals, Wes. 


efpecially in the philofophical View; the Acid it- 
- felf, even without Heat, proving a Menftruum 
to perhapsall the Metals. But when this Acid 
is driven into the Pores of the Metal, by the 
Action of the Flame in burning the Pbofphorus, 
it feems productive of much greater Effects; as 
is known to thofe acquainted with the fublimer 
Metallurgy. And it is principally with a View 
of promoting this Kind of Experiments, that we 
have beftowed fo much of our Lecture upon fa- 
cilitating the Method, and eafing the Expence, 


i S. Seerthe Philofophical Tranfa&ions. 
Bf cf 


Phefphorus. 
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of preparing this Pho/pborus; which of all the 
Kinds hitherto difcovered feems the moft ufeful. 
Otker 40. This Pho/phorus has been feveral Ways dif- 
kinds of guifed, fo as to make it appear under various 
Phofphori. Forms ; fometimes as a Solid, fometimes as a 
Liquid, fometimes as an Ointment, fometimes 
as a running Mercury. There are alfo others 
of different Kinds ; of which we fhall only men- 
tion two, beth difcovered by M. Homberg. ‘The 
Theblack firft is that ufually called the Black Pho/phorus, 
now commonly prepared with Alum «ni Wheat 
Flower, by taking four or five Parts of Alum to 
one of Wheat Flower, and calcining them toge- 
ther toa brown or blackifh Mafs; which being 
powdered, is put into a Phial, loofely ftopped 
“with Paper, and fet in a Sand-Heat, fo as to 
continue glowing hot for fome time; then the 
whole is removed from the Fire, fuffered to cool 
gradually, and at laft the Bottle is ftopped clofe. 
A little of this Powder being poured out of 
the Bottle, and expofed tothe open Air, imme- 
diately takes Fire, and appears like .a glowing 
Coal. Butthe Powder muft be frefh made, to 
have a ftrong Effect ; for the Sun’s Rays, or the 
Moifture of the Air, being gradually admitted 
to it, deftroy its Virtue : whence it ought to be 
kept ina dark and dry Place. ’Tis remarkable 
of this Pbofpborus, that it may be made from 
almoft any animal or vegetable Subftance, inftead 
of Wheat Flower; but that no Salt whatever can 
be fubfticuted inftead of Alum. 
The Phof- 41. M. Homberg’s other Pho/phorus is made of 


phorus ef one Part Sal-Ammoniac, and two Parts Lime — 


dal-Am- 


nomiacandaked in the Air ; thefe being mixed well toge- 
Lime. ther, a Crucible is to be filled with them, and 
fet in afmall Fire of Fufion; where, as foon as 
the Crucible becomes red hot, the Mixture will 
melt, and fhould be ftirred with an Iron “Rod, 


Cy 
» 
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to prevent its running over. When the Matter 
is entirely fufed, it may be poured into a Brafs 
Mortar ; and when cold it will appear of a grey 
Colour, and almoft as if it were vitrified. If 
now it be ftruck with any hard Body, it ap- 
pears as on- Fire in the whole Extent of the 
Stroke ; but the Matter being brittle, it may be 
proper, for the Experiment’s fake, to dip little 
_ Barsof Iron, or Copper, into the melted Matter 
in the Cracible ; for thus they will be enamelled, 
as it were, with the Matter ; and thefe Bars may 
be ftruck upon, fo as commodioufly to repeat the 
Experiment feveral Times before the Matter falls 
off. ‘The Bars are to be kept-in a dry Place, 
to prevent the Pho/pborus upon them from run- 
ning by the Moifture of the Air. 

42. Both thefe Pho/pbori, were difcovered by Di/covery 
Accident: The firft was obtained by: fearching %* au 
fora limpid Oil, from the common ftercoraceous spe 
Matter, that fhould fix Quickfilver ; and the fe- 
cond, by endeavouring to calcine Sal-Ammoniac 
with Lime, fo as to render it fufible like Wax; 
which end was obtained, but not the other, 

43. There have been no very confiderable Ufes 
of thefe two Phofpbori hitherto difcevered; but 
the Phofphorus of Urine has been employed for 
making many curious Experiments ; a few where- 
of we fhall here exhibit, 

(1) The Light of this Pho/phorus appears great- Experi- 
er im vacuo than inthe open Air, ments 

(2) In hot weather it is obferved to dart Flathes $707 7” 
of Light through the Water wherein it is con- i init. 
tained, fo as exactly to refemble Lightning ; which 
thus darts unextinguifhed through watery Clouds 
and Vapours. | 


Bf 2 (3) Thefe 
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(3) Thefe Flathes of Light are not apt to 


kindle or burn any combuftible Matter, in which 
they refemble the harmlefs Kind of, Lightning; 
but in a condenfed State this Phofpborus burns 
very furioufly, and with a moft penetrating 
Fire, fo as to melt and diffolve Metals: In 
which refpect it again refembles the more de- > 
ftruétive Kinds of Lightning, which are found 
to have the fame Effects. 

(4) Ifa little Piece of this Phof{phorus be view - 
ed through a Microfcope, the internal Parts ap- 
pear in aconftant Ebullition, 

(5) A little Piece of it being put into a Silver 
Spoon, and-_held over the Fire, it burfts out 
into a fhining Flame, leaving a red fpot in the 
Spoon of a corrofive, acid tafte; which being 
diluted with Water, the Mixture makes a con- 
flict with Oil of Tartar per deliquium. 

(6) Ifa little of it be ground ina Glafs Mor- 
tar, with twenty times its own Weight of 
Nitre, it does not take Flame, but only difperfe 
a fhining Property through the Body of the 
Nitre ; but if ground in the fame Manner with 
lron: Filings, reduced to Powder, a bright Flame 
immediately enfues. | 

(7) Though this Phofpborus appears to be. a 
Kind of Sulphur; yet ic does not diffolve in 
high rectified Spirit of Wine, but communicates 
fome {ulphureous Parts thereto: For if this Spi- 
rit be poured to Water in the dark, it yields a 
faint Degree of Light. 

(8) The Nature of this Pho/phorus is confide- 
rably changed, by being long digefted with Al- 
cohol: For thus it becomes a Kind of white 
traniparent Oil, that does not coagulate with- 
out an extreme Degree of cold, nor afford any 
Manner of Light; and when frefh Spirit of 

Wine 
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‘Wine is poured thereon, it does not like other 
Oils, mix therewith, nor diffolve therein. 

(9) If this Pho/phorus be feparated from the 
Spirit of Wine wherewith it was digefted, and 
be afterwards well wafhed in common Water, 
it, by Degrees, recovers its former Confiftence, 
and coagulates into a tranfparent Matter, whiter 
than before; but neither affords fo much Lighr, 
‘nor recovers its primitive fhining Virtue, nor 
its yellow Colour. | 

(10) The Spirit of Wine fo feparated be- 
comes yellowith, and fmells ftrong of the Péo/- 
‘phorus; though it fhines not, except when poured 
‘upon Water. ? 


(11) This Phofpbarus being mixed with a large 


Quantity of Pomatum, makes, as well as with 


Camphire and the Oil of Cloves, a fhining Un- 
cuent, that may be rubbed on the Hands and 
Face, without Danger of burning, fo as to ren- 
der them luminous in the Dark. 


(12) If a Piece of Paper, or Linen, be dipe 


at one End in Spirit of Wine, and a Bit of Pao/- 
phorus be crufhed on the other [end that remains 
dry, the Spirit will be fired by the Pbofpborus, 
without immediate Contact: But the fame Thing 
will not bappen, if the Paper were dipt in Oil 
of Turpentine, nor if a Bit of Pho/pborus were 
rubbed upon the End dipt in the Spirit of 
Wine; only when the Spirit is entirely evapora- 
ted the Phofphorus will burn, though wich Diffi- 
culty, and flowly. : 

44. There are many of thefe odd Kind of 
Experiments that might be made with Pbo/pbo- 
rus, which is a Subftance that feems, in Che- 
-miftry, to be much fuch a Thing as the Loadttone 
in Natural Philofophy ; and itseffects are almoft as 
odd and difficult to explain, for want of knowing 


the latent Properties of Bodies. 
kf 3 AXIOMS 
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AXIOMS and CANONS. 


1. We learn from the preceding Experiments, 
That Gunpowder, and the Arts thereon depend- 
ing, are capable of farther Improvement , and 
that more forcible and deftructive Inventions, 
than thofe at prefent in Ule, are difcoverable, if 
required a). | 

2. That, in particular, great Ufe may be 
made of comprefied Air in this Way, the Mix- 
ture of Iron-Filisgs and Brimftone, in Jarge 
quantities 5 the Pulvis and Aurum fulminans , Salt 
of Tartar ; the Mixture of certain cheap Oils 
and acid Spirits, fer producing extremely pow- 
erful and deftructive Effects 4). 

3. That many natural Phanomena, fuch as 
Earthquakes, Thunder, Lightning, Vulcanos, the 
Aurora Borealis, Wot Baths, ec. are imitable and 
explicable by chemical Experiments, particular 
Mixtures, and explofive Powers c). 

4, That Fire and Flame are producible by 
the fimple Mixture of appropriated Bodies, if 
made with fufficient Violence: or that Oils freed 
of their acid Part, and fuddenly joined with 
{trong acid Spirits, are inftantaneoufly produc- 
tive of Fire and Flame d@). 

5. That by this Action, or the intimate and 
ftrong Union of acid Spirits with Oils, Rofins 
are producible d). | 

6, That very violent Fxplofions may be made 
in vacuo, as well as in the open Air d). 

4, That the Phofphorus of Urine 1s applicable 
to many extraordinary Purpofes; particularly to 
the introducing of uncommon Changes in metal- 
line Bodies ¢). 

a) See Exp.1, Wand V. 6) Exp. EUV. c) Exp. 
THI. IV. V. VI. a) Exp. V. ¢) Exp. VI. 

8. That 


Of Pyrotechny. 
- §. That as moft Difcoveries of chemical Ex- 
plofions and Pho/phori were accidental, greater 
Things may be expected from a fagacious Expe- 
rience, conducted by Reafon, and by a farther 
Difcovery of Caufes and Axioms a). 

g. That the Phofpborus of Urine may be made 
in large Quantities, and with fmall Expence; {o 
as to afford defirable Opportunities for the farther 
Improvement of Chemiftry and Metallurgy 4). 

10. That there may be many latent froperties 
in Bodies, remaining unknown to us, for Want 
of making the proper Experiments; which alone 
can difcover, and bring thofe Properties to light 2). 


a) See Exp. I. I. 1 IV. V. Vi. 
, 6) Exp, VI. 


Ff4 hp Le oe 


439 


Defizn. 


Chemifiry 
divided, 


[440] 


[j-Bc@ All Rose ane 
CONTAINING 


Ways of applhing Chemittry to the farther 
Service and Improvement of Natural Phi- 
lofophy, Arts, Trades, and Bufinefs. 


if 


1 UR prefent Lecture is intended to fhew 
fome particular Ways of extending and 
applying Chemiftry to the farther Im- 

provement of Natural Philofophy, Arts, Trades, 

and Manufactures. For though this be the ge- 
neral Defign of our whole Courfe, yet we judge 
it proper to beftow our laft Lecture exprefsly upoa 
the Subject. We fhall therefore (1) divide 

Chemittry into its feveral Branches, and fhew how 

each of them may be farther improved ; (2) exhi- 

bit a fet of Experiments tending to that End ; 
and (3) offera few Rules for its farther Appli- 
tion and Enlargement. 

2. Chemiftry, in general, may be ufefully di- 
vided into Philofophical, Technical, Commercial, 


~ and Oeconomical, Chemittry. 


Into Philo- 


Jopbical, 


3. By Philofophical Chemiftry we underitand 
Chemiftry praétifed in Miniature, after the Man- 
ner of our prefent Courfe; fo as to find out the 
Caufes of phyfical Effeéts, and to make new 
Difcoveries in Nature *, * a 


* See below § 7. 


ay 
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4. By Technical Chemifiry we underftand the Techuical, 
Appleton of Philofophical Chemiftry to the 
iminediate Service of fome Art; foas to invent, 
form, affift, promote, or perfect ic in the large, 
Way of Bufinefs. 
5 By Commercial Chemifiry we mean the Appli- Commer- 
cation both of Philofophical and Technical Che- <éa/, 
amiftry to the eftablifhing, fupporting, and i improv- 
ing any Branch of Trade or Commerce. 

6. And by Occonomical Chemifiry we mean the And Occo- 
Application of Philofophical, Technica], and Com- zomical. 
mercial Chemiftry to the Service and Accommo- 
dation of a Family. 

7. Philofophical Chemiftry confifts of three Philolaphi- 
Parts 5 wiz. Invention, Rationale, and Experiment ; (4! Che- 
Whence we may define it a particular Exer- pe 
-cife of the rational and inventive Faculties of | 
the Mind, leading to Experiments, and thence 
to the Dilcovery of Caufes; fo as to form 
Axioms, that fhall rationally Account for Pha- 
nomena, and difcover Rules of Practice for pro- 
ducing ufeful Effects. And thus Philofophical 
_Chemiftry is not only a Key to all the other 
-Parts, but’of itfelf difcovers the Caufes of ma- 
ny natural Phenomena; as particularly Earth- 
quakes, Vulcanos, Vegetation, the growth of 
Minerals €@e, 

8. This Branch of Chemiltry alfo explains the ls Ofice. 
general Forms and Qualities of Bodies, whereon 
their Properties and Effects depend ; as Volatility 
and Fixednefs, Fluidity and Firmnefs, Colours, 
_Taftes, Odours, Effervefcences, Ferhidntactia 
Solution, Precipitation, Congelatton, Extraction, 
and the like. 

g. Tothis Part of Chemiftry it hkewife be- 

Jongs to bring new Inventions to the Teft, fo as 
to difcover their Validity or Infufficiency. Thus: 
when any Fine is ftarted for a new Trade, or 

Method 
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Method invented for the Improvement of an old 
one, before any Attempt is made to apply it in 
the larger Way, the proper Affay or Experiment 
muft firft be performed in Miniature; where if 
it prove fuccefsful, this may rationally encourage 
the erecting of fuch a Difcovery into an Art, or its 
Application to the Improvement of Bufinefs. . 
Llufirated. 19, To have an Example of this whole Pro- 
cedure, we need but reflect upon the general Office 
of the Affay-Mafter ; who before-hand difcovers, 
in Miniature, the Quantity of Metal contained 
in any Ore affigned; thereby giving a Direction 
to the Operator at the larger Furnace. And thus 
Philofophical Chemiftry plays directly into the 
Hands of the Technical, Commercial, and Oceco- 
nomical Species. 
Its Im- 11, But before it can do this to the beft Ad- 
provement, vantage, there are feveral Deficiencies therein that 
yapwt require te be fupplied: And firft, the Labour, 
ratory, Lime, and Expence neceffary to procure the 
proper Furnaces, Veflels, Utenfils, and Subjects, 
for the ready and commodious Exercife of this 
Art, have been a great Hindrance to its Advance- 
ment. Upon which Confideration we have en- 
deavoured to colleét together a commodious Pdi- 
»  lofopbical Laboratory in a portable Form attended 
with as many Conveniencies as the Nature of the 
Thing will allow a). 
Bypradie 12. In our Definition of Chemiftry 4), we en- 
Jngit, deavoured to avoid the common Error of con- 
ad fining this Art tothe fole Ufe and Application of 
Furnace. Fire. We hope to have fhewn c) that it hasa 
Right to employ the other Elements, Air, Wa- 
ter, and Earth; to which we may add Cold, 


a) See the Fffay for introducing a Portable Laboratory. 
BY Leg. 1. in init, 
c) Le&. 1. MU, HI, IV, 


and 
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and various Kinds of Motion. And if it be re- 
membered, that Chemiftry is the Art of analy- 
fing and compounding Bodies by Means of. all 
the Inftruments we can procure ; an Attempt to 
_ introduce Ways of working in the Art, without 
ue or Furnace, will not appear furprizing. 

Nay, if a due Eftimate were made, and Partica- 
a full Scope and Extent of Chemiftry confi- 44 ¥ 
dered; alarge and curious Part of it would ap- Cold, = 
pear to depend more upon other Things, than 
upon the direct Ufe of Fire: Thus for Example, 
the whole~ of Fermentation and PutkefaGtion, 
two Extenfive Operations in Nature and Art, 
are performable without the Ufe of either Fire 
or Furnace. Farther, the Action or inftrumental 
Efficacy of Air, Water, and Earth might, with 
regard to chemical Operations, be oppofed to 
the Action of Fire; which has ftill a more direc& 
Antagonift, or rather Correlative, wiz. Cold; 
whofe Efficacy in Chemiltry is extremely great, 
and feparates the more ufelefs and aqueous Parts 
of Bodies from thofe that are more fpirituous 
and effential ; as we fee in the Concentration of 
Wines, Vinegars, and other {pirituous, and faline 
Liquors by Froft *, 

14. There is farther wanting to the Improve- Chemifiry 
ment of Pbilofophical Chemifitry, a Collection of ea ab: 
all that is hitherto known and practifed in the Jeaing the 
Art, to fhew the prefent State and Condition Experi- 
thereof, And this, perhaps, would make no very mens and 
large Volume; for the original Experimental ELE 
Writers are very few,’ in Comparifon of the Col- 3 
Jectors and Tranfcribers: But the more ufeful 
Part of fuch a Work is not to be found in Books; 
and can be had only from oblerving, collecting, 


“® See the lait of three Effays i in Artificial Philofophy, or 
Univerfal Chemiftry, Ann. 1731. 


: . and 
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and digefting the daily Praétices of mechani- 
cal Operators; fuch as Refiners, A flay -Matfters, 
Smelters, Dyers, Sugar-Bakers, Soap - boylers, 
€%c. And till the Secrets and Myfteries of thefe 
Arts are known to the chemical Philofopher, he 
will want many things that are neceffarily re- 
quired to the Improvement of Pbhilofophical 
Chemittry, 

15. The laft particular we fhall at prefent in- 
timate, as wanting for the Exercife and Improve- 
ment of Philofophical Chemiftry, is a Lift of the 
Chemical Defiderata in all Arts and Trades, in 
order to procure the readieft Ways of fupply:ng 
them: For fach a Lift would contain fo many 
Problems for the Philofophical Chemift to folve. 

16. We now proceed to Technical Chemiftry ; 
which, for the Sake of Ufe and Commodiouinets, 
we divide into four Parts: as it relates to Sub- 


jects of the animal, vegetable, and mineral King- 


doms ; or to feveral of them at once. ‘Thus 
under animal Arts comes the Art of preparing 
Size and Glue, Tanning, Ivory-Staining, the 
Dying in Wool, Silk, €c. Under vegetable 
Arts comes the Art of Timber, or the Ways of 
preferying jt found againft.the Injuries of the 
Weather, the Sea, &Sc¢. the Art of making 
Rofin, Pitch, Oilof Turpentine, Charcoal, Por- 
Ath, &@c. the Art of Brewing, and Fermenting 
for Wines, Vinegars, &@c. the Art of Spgar- 
making, and Refining; the Art of Soap-mak- 
ing, 9c. Under mineral Arts come the Arts of 
Salt, Copperas, Vitriol, Borax, Pottery, Metals, 
Foundery, Smithery, ce. And laftly, under 
mixed Arts comes the Art of Paper, the Art of 
Ink, the Art of Japanning, the Art of Glafs, 
the Art of Pigments, the Art of Pharmacy, 
the Art. of Fire-Works, cc. all which are 


proper 
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proper chemical Arts, that fall under Technical 
Chemittry. 

17. It were eafy to givea Catalogue ofa large p.., +, le 
Number of new, and probably advantageous, improved. 
Arts or Trades, that might be fet up in Eng- 
land, Thus, for inftance, we would recommend 
the Introduction of Exglifh Arracks and Bran- 
dies; which might be plentifully afforded by 
the Tappings of our Trees, and all Kinds of 
Summer-Fruits: Nor need Wines themfelves, 
even from the Grape, be here excepted ; efpe- 
cially as we have an excellent Method of improv- 
ing all poor and thin Wines, by adding fine fla- 
vourlefs Sugar in the Fermentation *. 

18. We have endeavoured to fhew, in the 
preceding Lectures, that many of our Trades are 
improveable ; particularly Brewing, Diftilling, 
Soap-boiling, Pharmacy, Metallurgy, &c¢.. And 
for new Trades, that the refining and making of 
various Commodities may be as advantageoufly 
practifed in England as elfewhere: And among 
thefe may be reckoned the refining of Borax, 
Camphire, Tartar, Manna, &c. the making of 
Salt-Petre, the obtaining of Sulphur, the mak- 
ing of blue Vitriol, Porcellane, artificial Gems, 
and numerous other Commodities of Price and 
Ure. 

19, The great thing wanting to the Advance- 
ment of Arts, and the Perfection of this whole 
Affair, feems to be the joint Concurrence of cer- 
tain Perfons, who fhould contribute to the car- 
—rying it on. The Compafs of Knowledge al- 
lotted to a fingle Man or two, bears no Propor- 
tion to that required for the due conducting of 
this Work: Nor, perhaps, is the Knowledge in 
being, of the Kind here. principally required. 


 * See Leg, XL 
Arts 
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Arts and Sciences muft receive their Improve- 
ments chiefly from Phyfical Knowledge , that is, a 
Knowledge drawn from the Nature of Things, 
which is to be acquired only by converfing with 


natural Bodies, and obferving their Properties, by 


putting Bodies together; and feparating them a- 
eain. And this general Procefs is to be conduct- 
ed inthe way of a fagacious Experience; which 
is a Matter of Judgment, not cafual or accidental, 
but formed upon fome certain Principles and 
Analogy of Knowledge. Thus we fee, in ordi- 
nary Life, and the Practice of Trades, that Men ~ 
educated to them have an acquired Sagacity, or 
Habit of judging each in hisown way ; which Sa- 
sacity is rarely tobe found in Men differently edu- 
cated. The Qualifications therefore required for 
our prefent purpofe may be termed, Pdhyfical or 
Chemical Habits of judging about Things relating 
to Arts and Trades, acquired by fome competent 
Experience, or by being for fome Time verfed 
in this Way. 

20. If Choice were made of a Set of Men fo 
qualified, and Rules given them to purfue, with 
due Care to regifter all their Experiments, and 
form them into Tables, from whence fome fhould 
derive Canons and Axioms, others deduce the 
more ufeful Things for the Service of Arts ‘and 
Trades, €%c, So as to make an uniform and 
fteady Bufinefs of the whole, there is good Rea- 
fon to expect that, in the compafs of a few Years, 
confiderable Improvements might be made in the 
prefent fer of Arts and Sciences. 

21. Commercial Chemiftry confifts of three parts, 
viz.(1) The Exercife of all the Chemical Arts, 
in a large Manner; fo as to fupply more than 
the Demands of a fingle Country, and afford a 
Surplus of Commodities for Exportation and fo- 
reign Confumption; (2) The various Ways of 

con- 


¥ 
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condenfing, curing, preparing, fecuring, and fit- 
ting natural and artificial Commodities for Car- 
riage and Tranfportation ; And (3) the Ways of 


fupplying the chemical Neceffaries to Voyagers’ 


and Travellers, for founding, fupporting, and im- 
proving Trade, Traffic, and Commerce, in dif- 
ferent Countries. 


AAT 


22. And thus a Knowledge of Commercial Che- Hoaw to be 
mifiry will eafily direct us in England, to the improved. 


Arts that may be extended and improved, fo as to 
underfell fome other Nations at the foreign Mar- 
kets; provided the Duties and Drawbacks are 
in our Favour: For example; We conceive, that 
Malt-Spirit may be produced in England cheaper 
and better than in Holland; that Wines, Vine- 
gars, Brandies, and Arracks, may be made, either 
here, or in our Plantations, as good-as, and per- 
haps cheaper than, in their prefent places of growth 
and Importation ; that White Lead, Verdigreafe, 
Sal-Amoniac, Pot-Afh, Hard Soap, &c, may 
be prepared as cheap and good in England as in 
any other Part of Europe. : 
23. We are likewife inftructed by Commercial 
Chemifiry, to reduce Goods to their leaft Volume 
or Bulk for Exportation; and again to fecure 
them from the Injuries of the Sea, the Weather, 
. and other Accidents. Thus Metals come to be 
exported inftead of their Ores, Sugars inftead of 
the Juice or Rob of the Sugar-Cane, Salt inftead 
of Sea- Water, Raifins inftead of -Grapes, high 
Spirits inftead of low Wines, Pot-Ath inftead of 
refufe Wood, &c¢, And thus it is that, by means 
of Technical and Commercial Chemiftry toge- 
ther, diflerent Countries:are fupplied with Lead, 
‘Tin, Iron, Silver, Oil, Tallow, tanned Hydes, 
Pitch, Rofin, Brimftone, Vax, Wines, Brandies, 
_ Salt, Sugars, Treacle, Paper, &&c. whereby all 

aie ad er Trade, 
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Trade, Traffic, and Commerce, is fupported. 
And to difcover this Kind of Contrivance, or 
Reduction, is the Office of Commercial Chemittry. 
Thus, inftead of importing many Tuns of a 
foreign dying Wood, we are taught to extract 
its tingiag’ Parts, and bring them away in the 
Quantity of a few Pounds. And to do this more 
cenerally, as it may be done, would tend to per- 
fect the Trade of the Dry-Salter, and leffen the 
Expence of the Dyer. 

24. Another Advantage of Commercial Chemi- 
firy is, that it affords the Neceffaries for long 
trading Voyages. ‘Thus, in particular, it directs 
us to a Chemical Cheft, anda Portable Furnace, 
with its Apparatus of Flux-Powders, for aflaying 
Ores; a Screw-Prefs for Oils, anda Suill for ex- 
amining fermented’ vegetable Juices. It alfo 
directs us to the certain Rules of difcovering the 
Sophiftications practifedin Wines, Brandies, Vine- 
gars, Arracks, Gold-Sand, Gold in Bars or In- 
gots, counterfeit Gems, &c. and to the ways of 
alfaying Pot-Afh, Tincal, Amber-greafe, Mufk, 
and all other Drugs. So that to improve this 
Part of Chemiftry, little more feems required than 
the bringing it into more general Ule ; which 
might be done to great Advantage, if Philofo- 
phical and Technical Chemiftry were firft im- 
proved to any confiderable Degree. 

25. We now come to our laft Divifion of 
Chemiftry, viz. the Oveconomical Branch; which 
is of great Utilicy and Extent, fo as to be capable 
of improving all the reft. This Branch we 
choofe to divide with regard to the feveral Of- 
fices of a Houfe, in which, as in fo many dif- 
ferent Laboratories, it may be commodioufly 
practifed: For Inftance, in the Brewhoufe, the 
Store - Room, the Kitchen, the Dairy, the 
Laundry, and the Cellar. Thus, by Means of 

Occono~ 
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Oeconomical Chemiftry, we are inftruéted in the 
beft Ways of brewing with Malt, Treacle, 
Hony, Sugar, or other vegetable Juices; the 
beft Ways of raifing and preferving Yeaft, or 
Wine Lees, for baking or brewing; and of 
imitating the natural Wines of foreign Growth. 
This Art directs us how to procure the fimple 
and compound Waters of Vegetables, ‘in their 
greateft Perfection ; andto make a Set of Bran- 
dies. or Cordial Waters, even from the erofs 
Lees, Sediments, or Bottoms of our Wine or 
Ale Cafks. Hence alfo we learn the Methods 
of preferving Fruits in Sugar, and feveral vege- 
table Productions in the Way of Pickle, &e. 
he Art of Cookery alfo is by this Means im- 
proveable: So are. all the Dairy Produions, 
_ and the Bufinefs of the Laundry ; as by render- 
ing hard Waters foft, &¥c. But to fhew this 
fully, and to improve the Defign, would require 
@ particular Treatife, under the feveral Heads 
of the Brewhoufe, the Store-Room, the Kitchen, 
the Dairy, the Laundry, and the Cellar *. 


It. 


26. We now proceed to our Experiments 3 Purport of 
the jirft whereof will flew that Sal-Ammoniac #e Expe- 
may probably be made to as great Advantage in ”*"** 
England as in thé Levant; the fecond will thew 
the Method of making a Varnith of Amber, 
with a View to improve the Arts of Japanning, 
Embalming,; @&c. the third will thew how to 
make a very hard Glafs, for improving the Art 
of Glafs, Enamelling, and the Bufinefs of arti- 
ficial Gems ; the fourth will thew how to pre- 
pare a Foil for foliating figured Glaffes, and 


* See the firft of the three Eflays in Artificial Phil/ophy, 
ar Univerfal Chemifiry, pablifhed in 1731. 
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turning them into Speculums ; the fifth will 
fhew a Way of making a curious and ufeful 
Glue; and the /xth and latt will fhew a Method 
of giving Copper a Gold Colour, and a greater 
Degree of Duttility, by Way of directing an 
Enquiry after Methods of introducing other ufe- 
ful Changes into Metals. 


ExperIMENT LI. 


That Sal-Ammoniac may be advantageoufly made 
in England. 


sie a 24. We took four Ounces of the common 
moniac volatile Salt of Ox-Bone, and faturating it with 
prepared. {trong Spirit of Sea-Salt, evaporated the fu- 
perfluous Moifture; upon which we found a 
Cake of true Sal-Ammoniac left behind. 
Uje of the 28. This Experiment regards both Philofo- 
aes phical and Technical Chemiftry ; as not only 
ment.  thewing that Odours may depend upon the Me- 
chanical Struéture or Texture of the Parts of 
Bodies; but alfo leading to a cheap Way of ob- 
taining Sal-Ammoniac in other Countries, as 
well as in the Levant. 
In Phibo- 29. The volatile Salt here employed has a 
phicalChe- very quick and pungent Odour; fo likewife, 
_mifry,or though in a lefs Degree, has the Spirit of Salt : 
ee but thefe two, upon mixing, deftroy each other's 
Odgrs, Odour, fo as to leave the Cake of Sal-Ammo- 
niac {centlefs. The Reafon is, that thefe two 
odorous Liquors lofe of their Volatility by Mix- 
ture; fo that their fine Parts can no longer 
fly off brifkly, and {trike the Nerves of the Nofe, 
on which all fmelling depends. But if a little of 
the Sal-Ammoniac be ground in a Mortar, along 
with another fcentlefs, but more fixed, Body, 
viz. an equal Quantity of Salt of Tartar ; this 
Salt 
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Salt of Tartar laying hold of the Acid of the 
Sea-Salt, leaves the volatile Salt at Liberty to 
afcend and ftrike the Noftrils as brifkly as be- 
fore: Whence we fee that Odours may be me- 
chanically produced and deftroyed. The fame 
is confirmed by many other Inftances of Phi- 
lofophical Chemiftry, and holds equally of 
Tattes. 
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30. Hence we may derive fome Rules for Rules for 
improving the Odours of certain Perfumes, or (ae 
for recovering them when impaired, or almoft 


deftroyed. Thus it is known to Perfumers, 
that Sugar being ground with Mufk or Amber- 
greafe, opens the Body thereof, and makes 
thefe Subftances go farther in the perfuming of 
Waters, Powders, or the like: And this the 
Sugar does chiefly, by attenuating, refolving, 
and fubtilizing the vifcous Parts of thofe Sweets, 
fo that they now move more freely, and ftrike 
the Noftrils more brifkly, than before. And 
when thefe, or other Perfumes, have almoft loft 
their natural Odour, it may in goud Meafure be 
recovered by the prudent Addition of a little 
- volatile, animal Salt ; as that of Hartfhorn. And 
hence we fee the phyfical Reafon why decayed 
Perfumes are fometimes fufpended in a Jakes, to 
recover their loft Odour; for all fuch Places 
abound with volatile Salts, continually arifing 
from the Urine, and other animal and vegetable 
Matters, which are there in a State of Putre- 
faction. 


31. Sal-Ammoniac is alfo obtainable in Eng- Sal. Ame 
land, by fubliming a Mixture of Wood-Soot, *saiac 
Urine, and Sea-Salt; but it feems eafier and ave 


perhaps it might prove cheaper, to prepate it “ 
in the Way of the prefent Experiment. The - 


volatile Sale for the Purpof will be abundantly 
fupplied by the Pith of Horns, Blood, the Refufe 
Gee | of 
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of a Slaughter-houfe, putrified Vegetables, EC. 
and the Spirit of Salt may be made at an eafy 
Rate, in a proper Furnace. 
The Exper 32" But the prefent Experiment might prove 
iment {till more ferviceable, by leading to a Way of 
tended. procuring other faline Bedies befides Sal-Am- 
moniac: For it fhould feem that feveral Salts 
~ may. be artificially compofed by the Union of 
their conftituent Parts; as we here fee in Sal- 
Ammoniac. For Example, the Making of 
blue Vitriol may be attempted, by boiling Cop- 
per, inftead of Iron, in the raw Liquor of the 
Pyrites, from which the common green Vitriol 
‘5 made. And if this Hint were duly purfued, 
perhaps it might lead to the Difcovery of feveral 
new Arts and Trades. 


ExperRIMENT II. 


An Amber Varnifo. 


Vinker di parses took four Ounces of Amber, and 
flved. putting it into a Crucible, juft melted it with a 
fmall Degree of Heat ; then poured the fluid 
Mafs upon’ the Iron Plate. When the melted 
Matter grew cold, we reduced it to Powder ; 
and adding thereto two Ounces of drying Oil, 
(that is, Linfeed Oil prepared, or thickened, 
by boiling it with a little Litharge) and one 
Pint of Oil of Turpentine, we diffolved the 

whole together into a Varnifh. 
U7; 24. This Method of making the Amber Var- 

ef PALM . | 

Experi- nifh is kept as a Secret in few Hands; but de- 
ment. feryes to be made publick, as a leading Experi- 
ment, to direét the Means of perfecting the “arts 
of Varnifhing and Japanning, or the Ways of 
diffolving Amber; whereon the Perfection of 
various Arts may depend. ‘Thus, in particular, 
the 
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the Art of Embalming would be highly impro- 
ved, if we could preferve the human Corps in 
a tranfparent Cafe of Amber; as we fee the 
Bodies of Flies, Spiders, Grafhoppers, €c. are, 
to great Perfection. | 

35. An ufeful Subftitute, or Approximation, Ayproxi- 
in this Way, has been tried, by boiling fine Rofin mation. 
to Colophony, or a tranfparent and hard, though 
brittle, Subftance. This being diffolved by 
Heat, and the Bodies of fome fmall Animals 
dipped therein feveral times fucceffively, they 
have been thus coated over with Colophony ; 
which in fome Degree refembles Amber, but re- 
quires to be carefully kept from Duft, in order 
to preferve its Tranfparency. : 

36. But if Amber could be diffolved without ves oraz 
impairing its Tranfparency ; or if one large Mafs /o/ving 
could be made of it, by uniting a Number of 47. 
{mall ones, it would thus not only tend to per- 
fect the Art of Embalming, but likewife come to 
be ufed, on many Occafions, inftead of Wood, 
Marble, Glafs, Silver, Gold, and other Metals : 
for then various Kinds of Veffels and Utenfils 
~ might be commodioufly made thereof. 

37. To forward the Difcovery, our prefent How #o 
Experiment fhews, that Amber contains a cer- attempt 
tain flimy, aqueous, or mucilaginous Part, which “ Boe Gs 
in the ordinary Way requires to be evaporated’ 
by a fcorching Heat, before the Amber will 
readily diffolve in Oil; with which however it 
afterwards unites into a Subftance of a Nature 
compounded of that of an Oil, a Gum, and a 
Rofin. Nor would the thin ethereal Oil of Tur- 
pentine diffolve it, ‘unlefs firft thickened, and 
fitted for this Purpofe, by Means of the drying 
Oil. Hence, as it feems plainly intimated that 
Amber is not only refinous, but alfo mucilagi- 
nous, whoever would attempt to melt fmall Pieces 

“ag 2 | of 
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of Amber into large ones, would do well to con- 
fider the Subje&t as a mucilaginous Rofin, and 
confequently (1) fitted to diffolve, in a thick Oil, 
after a previous Evaporation of its aqueous Parts, 
or the Deftruction of its more mucilaginous Na- 
ture; (2) that it may poffibly be diffolved, by 
boiling in a Lixivium of Salt of Tartar, and 
Quicklime; or if any could be found, as there 
may, ftill fharper, and more alkaline ; and (3) 
that the Digeftor feems well adapted to difiolve 
this mucilaginous and refinous Subftance, by 
Means of an exprefied Oil added to the Amber, 
finely powdered and kept from fcorching by the 
Interpofition of Water. And here we recommend 
a long and moderate Digettion, rather than a vio- 
lent Heat. Thus, therefore, our prefent Expe- 
riment points out to us three Methods for dif- 
folving Amber, which either do not confiderably 
deftroy its Texture, or at worft leave it in a 
State reducible, by an eafy Operation, to a Kind 
of Amber again. 


ExpPEeRIMENT III. 


A. harder Glafs than the common. 


38. We took four Ounces of Borax, and an 
Ounce of fine white Sand, reduced to Powder, 
and melted them together in a large clofe Cru- 
cible, fet in a Wind Furnace, keeping a ftrong 
Fire for half an Hour; then taking out the Cru- 
cible, and breaking it when cold, we found at 
the Bottom a pure hard Glafs, capable of cutting 
common Glafs almoft as well as a Diamond. 

39. We have here an Experiment, which, be- 
ing duly varied, may lead to fome confiderable 
Improvements in the Arts of Glafs, Enamels, 
and artificial Gems: It fhews us an expeditious 

Method 


Of Enlarging Chemifiry, &c. 
Method of making Glafs, without the Ufe ofa 
fixed Salt; which has generally been thought. 
an effential Ingredient in Glafs, and which is. 
the Ingredient that gives the common Glafs its. 
Softnefs. But Borax is a neutral Salt, which, 
being urged by the Fire, does not turn any 
Way alkaline ; but, of itfelf, without Addition, 
prefently runs into Glafs. And whether other 
Ingredients might not here be advantageoufly. 
fubftituted for foft Sand, particularly calcined 
Flints, powdered Cryftal, Sc. we recommend to 
farther Experience; fo as to attempt making a 
Glafs that fhall, in fome Degree, approach the 
Hardnefs of a Diamond. | 

40. If a pure tranfparent Glafs, of this De- 
gree of Hardnefs, can be tinged in the ordinary 
_ Manner, by Means of the prepared metalline 
Calces, it fhould feem that the Art of making. 
counterfeit Gems would then have gained its 
PerfeGtion ; for the Colours thus introduced are 
in no refpect inferior, but perhaps fuperior, to 
the natural Colours of the Sapphire, Emerald, 
Ruby, &c. So that nothing more feems want- 
. ing to perfeét this Art, than the Difcovery of a 

denfe, hard, cryftalline Glafs, that fhall polifh 
like Cryftal, and not feratch in the Wear. 
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41. In order to give our Glais the defired The Expe. 
Degree of Hardnefs, it may be proper to conti- 7#7"# ex- 
nue it long in the Fire; which is conftantly “744. 


found to add Strength and Hardnefs to Glafs : 
Infomuch that common Glafs, by being con- 
ftantly kept in a ftrong Fufion for a Month or 
fix Weeks, has become of a ftony Hardnefs ; a 
large Part of the fixed Salt thus going off in 
the Fire; and confequently leaving the Glafs 
lefs charged with Salt, or nearer approaching to 
the native Hardnefs of the Flint or Sand em- 
ployed in the Preparation. 

Gg 4 42. If 
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42. If the Ufe of Borax fhould, in this Man- 
ner, be found to have a confiderable Effect, it 
will be proper to enquire farther into its natu- 
ral and chemical Hiftory, which feems at pre- 
fent to be little regarded. Perhaps it may not 
be impoffible to find this ufeful Subftance in fome 
Parts of Europe, or to imitate it by Art, and to 
difcover better Ways of refining it than thofe 
now ufually practifed. 

43. he Facility wherewith this Salt runs into 
Glafs, or the fmall Degree of Heat, and the fhort 
Time required for that Purpofe, if well attended 
to, may be capable of enriching Chemiftry, and 
more particularly the Hiftory of Glafs; at leaft 
we have good Reafon to believe that the prefent 
Experiment is capable of being largely diverfi- 
fied, and improved to the Service of feveral 
Arts, 


EXPERIMENT IV. 


A Foil for turning [pherical or other figured Glaffes 


into Speculums. 


44. We took half an Ounce of clean Lead, 
and melted it with an equal Weight of pure 
Tin; then immediately added half an Ounce of 
Bifmuth, and carefully fkimmed off the Drofs : 
Now removing the Ladle from the Fire, we ad- 
ded, before the Mixture grew cold, five Ounces 
of pure Quickfilver, and ftirred the whole well 
together; then put the fluid Amalgam into a 
clean Glafs. 

45. When this Amalgam is ufed for Foiling, 
or piyering, let it firft be ftrained through a 
linen Rag; then gently pour fome Ounces there- 
of into ine Glafs intended to be foiled. The 
Mixture fhould be poured into the Glafs by 


the 
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the Bottom, to prevent its flying to the Sides; 

then dexteroufly inclining the Glafs every Way, 
endeavour thus to faften the Foil. When this 
is once done, let the Glafs reft for fome Hours ; 

then repeat the Operation, till at length the fluid 

Mafs is evenly fpread and fixed over the whole 
internal Surface; as it may be known to be by 
viewing the Glafs againft the Light. The fuper- 
fiuous Amalgam being now poured out, the 
Outfide of the Glafs may be polifhed with Putty, 
Chalk, or Tripoli, fprinkled upon a Cloth: 
And thus the Operation is compleated. In 

this Manner are made thofe fhining fpherical 
Glaffes (appearing like Glaffes filled with Quick- 
filver) which we fometimes fee hung ‘up in Par- 
lours, near the Cieling, to invite the Flies in 
Summer from the Windows, and other Parts 

ef the Room, where they might prove more 
offenfive. : 

46. The Operation has confiderable Advanta- Advazta- 
ges, as being performable in the Cold ; and is gz of +e 
not attended with Danger from the poifonous a 
Fumes of Arfenic, or other unwholefome Mat-  — 
ters, ufually employed for this Purpofe. And 
how far it is applicable to the more commodious 
foiling of the common Looking-Glaffes, and 
other Speculums, may deferve to be confidered. 


EXPERIMENT V. 


A curious and ufeful Glue. 


47. We took an Ounce of Ifing-Glafs beat jn. 
to fhreds, and put it into a Pint of Brandy ; Gas 
where, by Means of a little Heat, or gentle fim- G+. 
mering over a common Fire, it gradually diffol- 
ved: We then ftrained the Solution through a 
Piece of fine Muflin, and thus “ge a 

ue, 
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Glue, that fhould be kept in a Glafs clofe. 
ftopped. 

48. This Glue, with a very gentle Heat, 
diffolves thin, tranfparent, and almoft limpid : 
When ufed in the Manner of common Glue, it 
joins the Parts of Wood together, ftronger than 
Wood is.joined to itfelf; fo that the Pieces thus 
joined will break in any other Part rather than. 
where they are glued. It is alfo remarkable, 
that if Saw-duft, or powdered Wood, be made 
into a Ball with this Glue, the Ball will prove 
folid and elaftic; fo that it may be turned and 
ufed as a Bowl, without breaking. And whe- 
ther, by Means of fuch a Glue as. this, fome- 
thing confiderable may not be effected in the 
emboffing of Wood-work, we leave to farther 
Experience. The Glue being thus made with 
Brandy, will keep long without corrupting ; 
and is therefore a proper Form wherein. to pre- 
ferve Ifing-Glafs ready diffolved for the fining 
of Wines, or other Ufes. 

49. Another curious Ufe of our Glue is, that 
it ferves excellently for taking off the Impreffions 
of Medals, or Coin: Thus if a little of this 
melted Glue be poured thinly upon a. Guinea, 
fuppofe, fo as to cover the whole Surface of the 
Piece, and the Glue be fuffered to remain there- 
on for a Day or two, till it becomes thoroughly 
dry, it will appear hard and tranfparent, like 
a Piece of Mu/covy-Glafs, with the Impreffion of 
a fair Guinea in Exntaglio, as they call it, on one 
Side, and in Reeve on the other. 

50. This Glue, therefore, dries into a very 
{trong, tough, and tranfparent Subftance; not 
eafily to be hurt or damaged by any Thing but 
aqueous Moifture, which would foon diffolve it: 
So that it is not fit to be ufed in any Work that 
muft be expofed to Wet or Weather. But for a 

Glue 
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Glue to ftand the Weather, let choice be made 3 
of the common Glue diffolved with Linfeed- 

Oil. } 

s1. The natural and experimental Hiftory of Hifory of 
Glue might greatly tend to the Improvement of Ges 
Chemiftry. For it fhould feem as if all animal maantees 
and vegetable Subftances were either originally 
made of, or might at laft be refolved into 
Glue or Jelly. Doubtlef$ a Knowledge of the 
Nature of Ropinefs, Vifcidity, Sizinefs, Moul- 
dinefs, €%c. would give confiderable Light to 
Natural Philofophy and Medicine, and lead 
us farther into the Effects, Nature, and Procefs 
of Growth, Fermentation, and Putrefaction. 
This Enquiry, therefore, fhould be profecuted 
with Care; beginning, for Example, with that 
vifcous Subftance the White of the Egg, or Se- 
rum of the Blood, in their natural States; and 
obferving how their Tenacity is altered, by mo- 
derate Degrees of Warmth or Cold. The En- 
quiry might next proceed to the mucilaginous 
Matter of Snails, Frog-Spawn, Fifh, and other 
Animals in Embrio, Vegetables, &%c. and gra- 
dually defcend to Subjects of the mineral King- 
dom. And this Enquiry, we apprehend, may 
be ufefully profecuted without the Affiftance of 
a chemical Apparatus; fo as to difcover the 
beft Ways of preparing Cements, Glues, Sizes, 
Jellies, Sc. for various mechanical and oeco- 
nomical Ufes. | 


FExpERIMENT VI, 


Copper made more duétile, and turned of a Gold 
| Colour. 


52. Make.an Amalgam, of one Part pure 


Copper, and three Parts clean Sanghelyes ; 
oi 
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Copper ad- boil the Amalgam in River-Water for two 
mens Hours; then diftill off the Quickfilver, and coho- 
ene bate it once or twice; laftly, fufe the Copper 
Gold. that remains in the Retort, and it will be ofa 
Gold Colour, and more ductile than common 
Copper. This Experiment was not brought to 
Perte@tion in the Courfe, on Account of the 
Difficulty then found of amalgamating the Cop- 
per, which was attempted thus : We diffolved 
as much Copper in Agua fortis as the Menftruum 
would take up; then diluting the Solution with 
ten or twelve Times its own Weight of Water, 
we put Iron Plates into it, which precipitated 
the Copper in fine Powder: This Powder was 
edulcorated, or wafhed, in feveral Waters, to 
clear it of its adhering Salts, and afterwards 
dried ; then ground in a Stone-Mortar, along 
with an equal Weight of Quickfilver; but no 
Amalgamation enfued. It has been ufually 
thought difficult, and by fome impracticable, 
to make an Amalgam of Copper by Heat: In 
which Method, indeed, it is not eafy to fucceed 
perfectly, the Copper requiring fuch a Heat to 
keep it fluid, as will exhale the Mercury ; which 
befides does not readily unite with that Metal. 
In the prefent Method the Thing may be effected 
without Heat ; viz. by firft reducing the Copper 
to an exceeding fine Powder, which here fup- 
plies the Place of Fufion, and might put us upon 
enquiring whether Trituration may not, in fome 
other Cafes, be advantageoufly fubftituted for 
Fufion. 

53. This uncommon Experiment of M. Hom- 
berg (hews us a Method of advancing Copper 
fome Degrees nearer to Gold; fo as to fit it 
for Watch-work, Cane-heads, Snuff-boxes, and 
other fmaller Machines and Utenfils, and efpe- 
cially for Gilding. It is remarkable that the 


Quick- 
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Quickfilver lofes an eight Part of its Weight in 
the Operation. 

s4. The Experiment is here employed as a Extended. 
leading one, capable of fhewing that ufeful 
Changes may be wrought upon the common Me- 
tals; fo as, in fome Meafure, to introduce a new 
Set. It is known to fome, that Copper may be 
fo far whitened and foftened, as to ferve on ma-. 
ny Occafions for Silver. Lead, by a flight Ap- 
plication, is capable of being whitened, harden- 
ed, and rendered more ufeful for many Purpofes. 
And if Perfons acquainted with the Nature and . 
Effe&ts of Metals, Minerals, and their Fumes 
upon each other, were to profecute the Enquiry, _ 
many ufeful Things of the hke Kind might 
doubtlefs be difcovered. | | 

55. A little prepared or fixed Arfenic will in- Exempii- 
{tantly whiten Copper throughout ; though thus #4. 
indeed the Copper proves brittle, or rotten: 
But there are other fecret Ways of whitening It, 
fo as to leave it extreamly ductile. | 

56. The farther Profecution of this Subject 7 Profe- 
would lead us into the fublimer Metallurgy,“ 7* 
which is a Part of Chemiftry by no Means hi- (7 
therto cultivated as it deferves, feeing it is highly 
capable of enriching the known mechanical Arts, 
and ftriking out new ones. 


II. 

547. We now come to offer a few Rules for Rules for 
conduéting chemical Experiments in the Way of tmproving 
an Art; fo as to improve the feveral Branches Be Se 
of Chemiftry above mentioned *. 7 ; 

58. Let the firft Rule be, with Care and Dili- 
gence to obferve the Procefics ufed by Nature in 


Oe Oe. 


the 
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the Produstion of all thofe things we would en- 
deavour to imitate. For Nature, the moft ex- 


. pert Chemift, employs the very Inftruments which 


Men alfo employ; viz Fire, Water, Air, and 
Earth ; as we have fhewn in our Lectures upon 
the Elements. 

59. To illuftrate this Rule by an Example; 
it appears, by numerous Inftances, that there is 
an acid or faline Liquor naturally contained in 
the Bowels of the Earth; which acid there mix- 
ing with various Kinds of earthy Matters, and act- 
ing as a Menftruum upon them, changes their 
Natures, or makes them appear under different 
Forms. And hence common Brimftone, Alum, 
the native Vitriol, &¢. feem to have their Origin. 

_ 60. For by an exact Scrutiny and attentive 
Confideration it appears that, when this general 
Acid diffolves a certain bituminous Earth, it 
makes Brimftone ; when a chalky Earth, Alum; 
when Iron or Copper, Vitriol; &¢. And accor- 
dingly, by ufing the fame Kind of general Acid 
(which may be procured by burning Brimftone 
under a glafs Bell) in the fame Manner as Na- 
ture feems to employ it, we can likewife, by 
Art, produce Brimftone, Alum, or Vitriol, when 
and where we pleafe. And thus, if we could 
univerfally difcover the Procefles and Inftru- 
ments which Nature employs in the Production 
of her Effects, we fhould have certain Rules for 
imitating her. 

61. Our fecond Rule is, to gain a Habit of 
transferring, diverfifying, enlarging, and improv- 
ing an Experiment, till it ends in fome certain 
Difcovery, either of Light to the Underftanding, 
or of Ufe in Life ; one of which points all juft 
Experiments will end in, when duly profecuted 
and confidered, 

62. For 
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62. For unfuccefsful Experiments are no lefs Wu/ira- 
inftructing than thofe that fucceed: Which “#7 


ought to be well remarked. The Head muft in 
all Cafes co-operate with the Hands: So that 
the Mind fhould be ever cafting about to difco- 
ver the Caufes of Failure, as well as of Succefs. 
And this is a Sagacity which may be procured 
by Ufe, and turned into a Habit of Invention 
and Difcovery: So that no fingle Experiment 
fhall. be performed, but fome Advantage will 
be immediately derived from it ; nor any E:xperi- 
ment be made, without fome reafonable Grounds 
of Hope for Succefs. 


63. Our third Rule is, To profecute Experi- Rus Il. 


ments in an orderly Series, with a View to fome 
particular Enquiry that may be of Ufe in Life ; 


and to let the Enguisy fuit the Genius and Tem-. 


per of the Enquirer, ‘fo as that it may be profe- 
cuted by hm with Vigour and Pleafure. 


64. Thus, if any one fhould be averfe to the fra. 
Ufe of Fire and Furnace, he may ftill improve ¢z. 


Chemiftry and Arts, or perform many lervice- 
able chemical Operations, without much Appa- 
ratus, or Expence, or without the Utenfils and 
Inftruments commonly employed in that Art: 
Which may, therefore, be practifed as well in 
a Study or Parlour, as in a Laboratory. And 
to thofe difpofed to operate in this Way, may 
be recommended the Bufinefs of Fermentation, 
the Concentration of Liquors by Cold, and the 
Profecution of the Nature and Hiftory of Cold, 
begun by Mr. Boyle. We might alfo recommend 
the extracting of the finer Effences of Vegeta- 
bles; the making of the more noble and fpiritu- 
ous Infufions, Tinctures, and Elixirs ; the exa- 
mining and tabling the folutive Power of Water 
with regard to Salts, and of Spirit of Wine with 

regard 
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regard to different Oils and Rofins; the deter 
mining the Force of all known Menftruums in 
the Cold; the Difcovery of new Menftruums, 
and particularly of a Solvent for the Stone. Thefe, 
and many other chemical Enquiries, may be 
profecuted without the Ufe of Fires and Fur- 
naces : And even fuch Tempers as are more de- 
lighted with Speculation than Practice, may 
greatly contribute to the Improvement of Che- 
miftry, by forting, ranging, and digefting Ex- 
periments into Tables ; fhewing what they prove, 
and how far they reach ; how far they fall fhort, 
and how they may be carried farther: Others 
might employ themfelves to Advantage, in 
drawing Things of Ufe from the Experiments 
already known and publifhed : And laftly, 
others might, from a due Confideration of 
Experiments, deduce new Directions and Rules 
of Practice for producing, in a fure and con- 
ftant Manner, much greater Effects than are 
ufually hoped for. 


AxXx1oMs and CANONS. 


1. We learn from the prefent Lecture, that 

Chemiftry is an Art of very extenfive Ufe in 

_ Life; infomuch that not only Natural Philofo- 
phy, but alfo Trades, Commerce, and all active 
Bufineffes, have a Dependence upon it; and may 
be improved by it *. 

2. That therefore the Difefteem,; which Che- 
miftry has generally met with, proceeds from a 
Want of knowing its proper Office, Extent, and 
Ufefulnefs; and from the frequent Mifapplica- 


* See the whole Lecture pa/fim. 


tion 
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tion of it to nes of a delufory or phantafti- 


cal Nature. 

3. That a large Part of general Chemiftry 
may be advantageoufly practifed, and many Di- 
{coveries and Improvements made therein, for 


- the Service of Arts, without the direct Ufe of 


Chemical Fires, Furnaces, and the common /- 
paratus a). 

4. That numerous Difcoveries. and improves 
ments remain to be made in Chemiftry itfelf; 
and that thefe Improvements may be made in 
a direct, rational Manner; and, if once made, 


might greatly enlarge and illuftrate Natural Phi- 


lofophy, improve various Arts, and introduce a 
Set of new ones 2). 

5. That, in particular, Sal-Ammoniac, an Am- 
ber-Varnifh, a hard Kind of Glafs, a Foil for 
Glaties, an excellent Glue, and a new Kind of 
Metal, may be eafily obtained, for the Improve- 
ment of Pharmacy and Dying, Japanning and 
Embalming, the Art of Glafs and the making 
of artificial Gems, the Foiling of Glaffes, the 
Gluing of Timber, Embofling, and taking off 
Impreffions, the Art of Watch-making, anc for 
other mechanical Ufes. 

6, That the Canons for the farther Improve- 
ment of Chemiftry, and the Arts thereon de- 
pending, require, (1) a careful Obfervation of 
the Ways of working employed by Nature; 

(2) a Talent of Experimenting ; and *4@) the 


Difcretion of fuiting the Enquiry to the Temper 


and armins of the Enquirer c). 


a) See § 12,13, and Exp. I]. TV. V. and § 63, pe 
b) See the whole Le@ture. 
c) See § 58-64. | 
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CONCLUSION. 


E are now come to the End of our Lec- 

tures, where it may be proper to ftop 
a while, and look back upon the Ground we 
have gone over. We feem to ourfelves to have 
been travelling in a new Road, too little fre- 
quented either by Philofophers, Chemifts, or 
Men of Bufinefs. Our Aim has been to im- 
prove the ufeful Arts, by Means of a more Phi- 
lofophical Chemiftry ; and at the fame Time to 
thew the Method of conducting Enquiries fo 
as that they may terminate in ufeful Difcoveries. 
With an Eye fixed upon this Point, we have 
purpofely avoided the more entertaining and 
agreeable Experiments, wherewith Chemiftry 
abounds ; and have kept to fuch only as were 
judged either beneficial in themfelves, or of Ser- 
vice in difcovering Caufes, Axioms, and Rules. 
And if there be any Merit in what we have done, 
we freely own it to be borrowed, and that it lies 
in the Verulamian Method we have purfued, that 
is, in endeavouring to rectify the Mind, guard 
ic againft Error and Illufion, and conduct it to 
the Fountains of Mature and Ufe. We cannot 
indeed prefume to have difcovered many of the 
true Caufes of Things, or Axioms perfectly juft 
and univerial. To do this, requires that the fe- 
veral Parts of Philofophy fhould be better cul- 
tivated than they are. All we can hope for is, 
to have found and eftablifhed a few Rules 
that may direct to a ferviceable Prattice, and 
enable us to enrich and improve fome of the 


_ prefent Arts and Sciences. Thus, for Example, 


we hope to have difcovered this philofophical 
Axiom, That Sugar, or a faccharine Subftance, 1s 
ihe Bafis of Wines, Beers, Vinegars, and ec 

maole 


Of Enlarging Chemiftry, &c. 
mable Spirits: Whence we prefume, that the Arts 
of Brewing, Wine-making, Vinegar- making, 
and Diftilling, may receive a great Degree of 
Perfection. And thus we defire to have it ob- 
ferved, that the Difcovery of a fingle Axiom, 
or Caufe, may often improve, or even perfect, 
a Number of Arts: For phyfical Axioms, duly 
difcovered, muft be pregnant with the Matter 
of many Arts and Sciences. And on this Ac- 
count it is, that we have directed our Enquiries 
to the Inveftigation thereof, as the beft and fureft 
Means of improving thé known Arts, and dif- 
covering new ones. Doubtlefs, if this Method 
were carefully and generally purfued, the Bufi- 
nefs of Invention would not long continue to be 
that cafual Thing it now is; but be reduced to 
an Art, which, of all others, is, perhaps, the 
moft wanted. 
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16 
Agents, natural, what 
1I—13 

Agriculture, bow improve- 


yen what 


able, TT iy 2 
Air, its inftrumental Effi- 
cacy 12——57 
—— neceffary to Fire 31-57 
— f{poiled by fire 32 
— its Preffure 
— its Elafticity 
—— its compound Nature 46, 
56 
—— contains Water 47 
—— required frefo in Refpi- 
ration 48,49 
—— may and may not pro- 
mote Solution 50, 51,57 
—— contained in Fluids and 
Solids 495350—53 
—— its Attion on Liquors 55 
— why fiuid 57 
— how analyfed 10,11 
Alabafter calcined 69 
_ Alchemifts, their Frauds how 
difcoverable 107, 109 


SENG Be oS a 


Alcobol, what, and how made 

) ‘16, 100, 132 
—— its diffolving Power 

100, 112 

—— its Ufes 133 

Alterants 257.255 
Amalgamation explained 105 

106, 35> 456 

Amber, bow difjolved AGQs 


4.53 

Amber-V arnifh 452 

Animals, their Chemical Prin- 

ciples 154 
Anodynes g61,.302 4 

Agua Fortis 108 

Aqua Regia ib. 

Arts, how improveable 58 

Affaying, what 392 

how improveable 396 

397 

Atmofphere, what 42 

how divided 10 


its Use in’ Chemiftry 
42 

how examined ib. 
mmm —— receives Vapours 43, 
44 
Atmo- 


Ie re ee a 


Atmofphere, mts phyfical Agency 


53> 58 

————-_ its component Paris 
55>. 56 

may act as a Men- 

ftruum 58 
its phyfical Ufes 71, 

72. OG Air: 


Aurum fulminans 109, 294 


ee 
Bes Peruvian, ‘ts Ex- 


tral 358, 359 
Black-Flux | 7515 
Blafting in Mining 295 
Bodies, bow divided in Che- 

mifiry bolo 
—— bow refolved chemically 
) F5,°1O 
Jenfible, compofed of in- 
Jenjible 1052.9 
their Relations and 
Changes 18 
their Properties how 
learnt 22 
Bone foftened 110, III 
—— analyed 154 
—— recompofed 176, 197 
Borax, its Glafs 4545455 
Boring in Mining 370 
Brandy analyfed 16,172 
72 
peren 000 Wied. ~ 50%. gb 
rere iar Beipee. 
what £3q ° 
Brafs, bow made 409 
Bread analyfed 1o4 
1045 105 


its Spirit 


Brewing. 202, 2074 2453 


217 
Burrows, in Min img. 374 
Clay, its Nature 409 


Caices of Metals, how re- 


duced A025 Z03 

Calcination, its Effects 74 
Caltico- Printing improveable 
| 3435 3T4 
Camphire, diffolved in Alcobol 
TOO 

~ ws Virtues and Ufes 
355s 356 

Carmine, bow made 307 
Cafe-hardening » A12 
Cathartics 352--354 


Cement for Water- Pipes 103 
Cerates, how made 340 
Chemifiry,analytical, what 14% 
how improveable 1, 

2324, 41,97,112, 115, 

116, 160, 161, 441, 443 
, Advantages of im- 


proving it 19 
philofophical, what 1, 
ae 441, 442 


ats Inflruments 11, 


14 
1ts Objetts 2—5, 23 


——-——. its Divifion 153 440, © 
| 441 
perme is: Fer 18 
how to be conduéted 
205. 21 
——— us Perfeition what 
22 


Chemiftry 


DL Ni oo. Hi we. 


Chemiftry ef Nature 138 
———— pharmaceutical, what 

| 321 
~—— technical, divided 444 
————————— how improve- 


able 445,446 

- geconomical, how im- 

proveable 446, 449 
fynthetical, what 

: 168, 169 

Cinnabar recompofed 1745175 


Citron-Water, bow made 255 
Coals, their Inflammabiity 
whence 30 
Cold, its natural Effecis 3 
Colours what 294, 296, 318 
————- how generated and 
changed 296, 305 
ae —— how concentrated for 
Dying, &c. 307, 308 
how improveable for 


Painting, &c. 3133 3165 
318, 319 

Compofts, what, and bow made 
| . 723 73 
Conflagrations, how prevented 
ao 


Confiituent, its Signification 15 
Cordial Waters, bow made 

255 
Corufcations made by Art 425 
Copper refembling Gold 459, 


460 
Curation, what 184, 185, 
196—198 


Be 
Dee. whence 69 
Digeftor, what 110 
aon SETI EC LLOQ; 011 
— howimproveable i111, 
115 
Diftillation, what 242 
—— of Wah 257, 258, 
| 244, 246 


—— compound, improved 
255, 256, 264. 
—— Fine-Stilling improved 


258 

ioe 
fea its general Structure 
6 


— in particular, what ib. 
—— analrfed 4, 60 
—— its phyfical Ufes 72,73 
Earthquakes explained 2.96 
Earths, what ero 
their Species 59, 60, 
65—67, 71 
Effecis, chemical, their Cau/es 
I 
great ones how rade 
cible 225 Bo 
Eleéiuaries how beft made 
3352 339 
<. 2463 
, 3492 352 
Emuljions how made 265 
Enamelling 317 
Eleofaccharums 279, 280, 
292, 360, 361 
Effay- 


Embalming 
Emetics 


is Np E 


Lffay-Liquor for Brandies 
2535 254 

Effences 266, 267 

Experiments, their Ufe 22 


F, 

perm, what 140, 
| 141 
—— its Dotirine 117—130 
‘its Efficacy 129,130 
VINOUS 131, 193—201 
Obfervations there- 
201—213 


acetous 133 

—— how determined 137, 
138 

itee 915 Dabs eTs 141 
——— ts Species 133,141 


— how fiopped and pre- 
vented 142,144 
sis Degrees 143 
——— whether in animal Bo- 
dies 143, 144 
—— whether in dry Bodies 
138, 144 

where performed 144 
Ferments, their Doétrine 122, 
124—131, 142, 143 
their Ufe 142, 143 
Fertility, whence 18 Oth: 
Fewel, what ere ee 
Oil effential to it 29, 30 
how charred 33 
what 25, 26, 40 
es to be judged of . i 


47> 3 


(are 


Fire, 


xX. 

its Kinds and Effetts 
28, 24, 39 

its Degrees of Purity 
35 36 

mixes and anabfes 23 
its Form and Matter 
38, 39 

its Ufes 39, 40 
how prevented and ex- 
tinguifoed ib. 
requires ftir iwi 
—— produced by Iron and 


Fire, 


HIP 


Su/phur 423 

by two cold Liquors 

© 427, 429, 438 

Flame, ‘fupprheial + ‘ S 3 

—— what 39 

—— its Colours 34 

Fluids contain Air 49550 
Fluxes, their Kinds 258, 

383, 386 

——-— improved 386 

Ful, for Glaffes 456 


Forefi-Trees, how improve- 
able 72 
fujion, metallic, how improve- 


able 403, 404, 406 
G 


Ge: what £97,178; 

181, 182 
Glafs, bow fiained red 313 
—— a hard one 4545455 


Glue, @ curious one 257, 358 


Glues, their HHiftory 459 
Gold diffolved 107, 108 © 
— Ujes of its Solution 106 


— how feparated from Sil- 


VEr 3975 398 
Go ld, 


iy’ Na Dy Ep xt 


Gold, how obtainable 


| | ‘399 

- - how imitated 410 
Graves in Chandlery, their 
Use 265 
Gunpowder bow made 417 
-.- us Rationale 418 
- » its Difcovery 4.19 
- - how tried 419, 420 


- - how Vineuaitemed 420 
Gypfum, what,and how made 


70 

H. 
HH”: how Senate black 
108, 109 
Heat, its Effects 12 
- - its Charaéterifiics (26 
- - 05 Kinds and Degrees 
36--38 
- - how regulated * 36, 37 
- - its Form 38, 40 
Hot Baths, whence 69 
Hygrometers for Laboratories 
89°94 


1S 
sf Riaenabligy whence 30 
Infufions, bow beft made 
325--332, 344, 345 


Integrant, what 15 

Ipecacuanba analyfed 350 

Fuices, of Vegetables, bow 
cured 


193--195 


ij Aques, bow made 306, 


| OR7 
Light, its Compofition . 294, 


295, 315 


pure Lime, how improveable «74 


Loam, bow made Clay 64, 
65 

M. 
186, 187, 189 
oy 


Miting 


Marcafites, what 
- - taking Fire 68 
~ analyfed 68, 6g 
- - how turned to Ufe 


- en 
= - _ 


as 
- - their pbyfical Ufes 
ib. 
Matching of Calks 1gi, 
192 
Matrices, their Infirumenta- 


lity 13 
Medicines claffed 348 
Menftruums, what & 
---- folid and fluid ib. 
- - - - of Nature 96 


ther Ufe 101, 102 
how improveable 1 12 


- - - - their Power how 
found i poe 
- -~ - - their Allion whence 
ib. 


-.- - the Difcovery of new 


ones recommended 102, 

105, 116 

Mercurification | 160 
Mercury, a Principle 160, 
161 

Metallit, bis Qualifications 
308 

Metallurgy, what 367 
- - how iwproveable 387, 
412, 415 


Metals, 


LN: Bi she 


— how beft dug 371, 372 


Mining, its Profit 369 
its Requifites 372 
Mixts, what 16 


Mixture, its Productions 18 
Mould analyfed 60-64 
Mundic analyfed 68, 252. 


See Marcafites. 


283, 
292 


oN. 
Nie how refined 


Metals, whether to be ri- Nitre, its Hiftory 956 J 
Ne: ae ee 94 —— its Virtues and Ujes 
——~ how diftinguifbable | 257, 358 
| 103, 109 —— regenerated ICQ, 
— how diffolvable 112, | 170. 
: 11 ; 
—— obtainable without ” IL, the inflammable Pria- 
Mining - oor 3 eipie. ; 39 
—--— how feparaied from —— its diffolving Power 
. eachother OF? 102, 103 
Meteors, their Origin 54, —— its Relation to Metais 
| 424. 103, 104 
Minerals, their chemical — of Aimonds, how made 
Principles 159 -162 | 262 
Mineral.Waters, bow exa- | —~ of Fumiper, how made 
mined 87-89 267, 268 
—. how imitated 89-91 —— may lie concealed 280, 
— their Analyfis 94 290 . 
Mineralogy, what 367 —— how rendered mifcible 
its Requifites 367, with Water 290, 292 
368 Ou:ls by Exprefion 261-262 
Mines, how fired CQ ere hor oben 
— how difcovered 369, 264, 290 
| an 240 —— coloured 265, 266, 290 
-—— their Signs 370 —— effential, bow made 


267-370, 290 


claffed 268 
how tried, and ° 
adulterated 271-274 


empyreumatic, bow 
retiiied 274, 275,291 
Oleum animale, itsU/e 275 
Opacity, what 318 

Operations, chemical, require 
different Heats AL 
how they may 

vary 5 
Opium prepared 301 
Ores, 


I's Ni. DE BX, 


Ores, how anahfed 8, 9, 316 
— how roafted 376-380 
—— how ftamped and wafhed 
380-382 

—— of Gold and Silver, 
tefled 393, 394 

— of Lead, affayed and 
{melted 401 
—— of Copper tefted 408 


Pp. 


pa ts, conflituent and in- 
tegrant 
Perfumes, how improved 
451 
Pharmacy, its Hiftory 321- 
3245 3405 347 
its End and Rules 
324 
how improveable 
345, 362-306 
Phenomena of Nature, bow 
caufed 54 
Phofphorus of Urine, its Hie 
story 429-434, 
| 435-437 
434 
340- 


+5 


black 
Plaifters, how made 


34 
285, 
292 
—— its Kinds and Ufes 
285-287 
Pottery, bow improveable 65 
Precipitation, what 16,101 
its Law 10% 
Princes- Metal, how made 
i 


» Paot-Afo, how made 


Principles, what 145-147, 
162-167 
Proof, in Spirits, what 252, 
2535 259, 260, 346, 
347s 35ts*352 
Pruffian Blue, how made 

308, 309 

Pulvis fulminans pried 
421 
Putrefattion. what 128-) 38 


in Vegetables 134, 
135 
an Animals 136 

how checked or pre- 
vented 142 
Pyrites, what 67 
take Fire 140. See 


Marcafites amd Mundic. 
Pyrotechny improveable 310, 


311 


Uartation, what 39 

Quickie analyfed 6 
Quick/:lver, whether metal- 
lic 161. See Mereury. 

rendered invifible, 

and recovered sage 
its diffolving Power 

105, 114 

adulterated 
106 


7 
6 


bow 


R. 
peEcompofition illuftrated 
17 
——— how to be attempted 
rentgy 1972 
perfect and imperfect 
| 179-181 
Redifi- 


- wp Ed. 


Reétification of Spirits 131, 
| | 221 
- Refine, what 120 


Rivers, why fertilizing 81 
Ruby of Gold, bow made 


7 184, 295 
5. 
§ 4 Anmoniac, how made 
yp . aedeen, 843 
Silver diffolved Vo, 108 
- - Ujes of its Solution 
| 108 


- - how recovered from its 
Solution 109 

- - how feparated from Cop- 
per 408 

- - kow obtained pure 400 
Simple Water, how beft made 
325-328, 343, 344 
Smelting, its Hiftory 160, 161 


Soap-making improved 287, 


288, 293, 
Solders, their Doétrine 103 
Solution, its Caufe Lis 


Spirits, inflammable, what 


257, 258 

- - how purified 258 
- - native of Vegetables 290, 
291 

Steel, bow made = ALT, 412 
Steepings for Grain 72, 73 
Strengibeners 358--461 
Stum, what IO 
Sudorifics 256, 350 


we affords Wine 120,121 
- - how made and refined 

276—278, 291, 292 
- - ats Ufes 279, 280 


‘Sun, its Effects 


Sulphur, of Metals, what 
103, 104 

- - how feparated from Cop- 
pe 405 
12 


‘= - Purity of its Heat 28 
Sweets, whak 203 
Syrups how beft made —- 332 
a yr a39 

T- Artar, how refined 280 
) — 283 

- - tartarized an extraordi- 
nary Menftruum 282, 
252,202 


T efting explained 393, 594 


Texture, bow changed 206 
— 300 
Thermometers explained 46, 

ees 
Tinftures, bow beft ae) 
328--332, 344 
r ranfparency what . 318 
Trituration, its Ufes 7G 

Vv. 

Y aeiay, what 128, 129 
Varnifoes 4525 453 
Vegetables, how preferved 72, 
190 
- - their Principles 148 
-- I51% 
Vegetation how promoted 71, 
: 72 
how fiopped 186 
—— 190 

Veins of a Mine —- 3373 374 


Vinegar, how made 124-128 
hie 


ir NY By * eee. 


Vinegar, its Subjedis 117, 
125 
- - - 25 Procefs confidered 
7 117,125, 126 
- - - how putrefied 128 
- - - yields no Alcobol by 
Si ple Difiillation 133 
Vitriol fermented 140, 191 
U. 


U7 Neguents, how beft made 
340-" 343 


Ww ‘Ater divided and ana- 


bfed 93 403.78 
sae Ts Inftrumentality 13 
- containea in Air 47, 


| 48, 77, 78 
- - - an Analyfer ee 
- - - in dry Bodies 75-745 


I 
contains Earth 7 
Chine SP Proper tic 5, Office, 


and Ufe 80 
- - - whence fertilizing 80, 
SI 


- - is diffolving Power 
Bl —-9.0540 7. Ta 
component Parts 
83--85, QI, 92 
r - - how to be examined 
85--87 
- - ws phyfical and che- 
mical Ufes gI--94 
- - - ats different Forms and 
Appearances 92 

- - - bow improved 
> - - Sea-Water how ieee 


frefo 


4 


~- - ots 


Waters, compound, how beft 


made 255 
Whitene/s, what 190 
White-Powder 420, 421 
Wind-Guns 421 


Wine, bow made from Rai- 


Sins 118 
- - made from Sugar 121 
- - how fined 207--209 
- - its Difeafes how cured 

209--220 

- - white turned into red 
210 

~~ pricked, vecovered 214 


Wines, in general, how made 
118--124 
- - the Doétrine relating to 


them ib, 
- - how wmitable ib. 
- - how coloured 121 
- - their Kinds 118, 1109, 
121 
- - their Bafis 120, 121, 
142 
- - the made Sorts recom- 
mended 119,120 
- - how Pale or putreficd 
128 
- - - how preferved found 
126, 128, 133 
Wormwood analyfed 1 48-- 
151 
ye: 
yey how preferved 195 
4. 
VAS what 410 
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1 WBSERVATIONS on the Difeafes of the Army, in 
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pendix, containing fome Papers of Experiments, read at fe- 
veral Mectings of the Royal Society. The Second Edition 
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ed on that Subject. By ‘ames Lind, M.D. Fellow of the 
Royal College of Phyficians in Edinburgh. of 
_ 3. A TrReavise on Opium, founded upon prafical Ob- 
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4. An Enquiry into the Origin, Nature, and Cure of the 
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pREN. Containing 4 Tranflation of Dr. Kiarris’s Book upon 
the Acute Difeafes of Infants, and of the eminent Dr. Baer- 
haave’s 'Treatife upon all their Difeases; as well Acute as 
Chronical. 
_ 11. Coinurercat Ogservations onthe Diforders of the 
Urethra, Written originally in Frexch by James Daran, Sur- 
geon in ordinary to the #rench King, and heretofore Sargeon- | 
Major tothe Hofpitals and Armies of the Emperor Chares 
VI. Tranflated “into Exglih by Thomas Tompkins, Surgeon. 
With the Addition of fome remarkable Cafes, 


BOOKS Printed for T. and T. Lonoman, in 
7 Pater-nofter-Row. ie 


1, C Bee E Philofophical Works of the Honourable Robert 
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how far the feveral Plans of the Author, for the Advancement 
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Ilf. A new Praétice of Phyfic, wherein the various Difeafes 
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the Regimen proper in each delivered; with a competent 
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17 1. g for he read the 


33 


1 before damped read as if 
it were 
3,4 Exficcation read Ri- 
gidity 
6 read and the eflential 
1. for 1. read 8. 
238. read and to dilute 
36. Power read Powers 
23. were read be 
8. after Japanning put a’ 
Colon + 
ag. read fet it 
20. and read add 
5. dele of thofe Liquors 
§ 47. in the Margin for In 
Uje read Its Ufe in Trade. 
§ 48. Margin for In Trade 
read In Natural Philofophy. 


159 1. ult. for the Direftion-Word 


Silver read are 


Page 

160 J, x. dele Silver, which 

171 3. fixed alkaline Salt read 
calcarious Earth 

210 29. after keeping pat @ 
Comma. : 

213 30. And if to this read To 
this may 

224 29.the certain read a certain 

225 2. Particle read Particles 

312 20. Bule read Blae 

324 30. before diluted dele the 


- 330 «alt, Air, which réad Air i6 


331 2. which read is 

4. after Groves add and 
339 25. been tangled read be 

entangled 

368 a1. and ftill read for ftill 
397 14. Relation read Relations 
418 21. than read then 
451 § 31. Margin, after Sal-Am- 


whoniac read ctherwife 
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